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DEFINITIONS AND EXPUNATIONS. 



I. 

The VELOCITY of a body is determined by multiplying 
the weight of the body by the space passed over in a 
given time. 

n. 

The MOMENTUM of a body is determined by multiply- 
ing the weight by the velocity of the body. 

m. 

While enunciating the laws which determine the re- 
sults of collision in those cases in which two bodies 
only are concerned, the letters A and B will be taken to 
represent the bodies ; and when three bodies are con- 
cerned, the third body will be represented \)y the letter 
C : that is, C will represent the body which is supposed 
to act upon B in conjunction with A. -'; - . 






IV. 

The given momentum of the bodies before colir3ioii.''is 
all that will be accounted for after collision. Hence, no 
account will be taken of any resistance which the bodies 
may meet with from any source external to themselves. 
And therefore the assigned results are not to be consid- 
ered as the actual, but as the theoretical results of the 
collision of the bodies : that is, they are the results that 
would be produced — 

(1.) If no other than the given forces acted upon the 
bodies. 
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(2.) K A and C, at the time of their collision with 
B, were moving in lines of direction that would pass 
through the centre of gravity of B. 

(3.) K the bodies were spherical, and retained the 
same shape and weight during and after, as before, col- 
lision. 

V. 

With respect to the comparative weights of A and B, 
three cases will be considered ; namely : 

(1.) When the weight of A is less than the weight of B. 

(2.) When the weight of A is equal to the weight of B. 

(3.) When the weight of A is greater than the weight 
of B. 

With respect to the comparative weight of A and C 
with respect to B, two cases will be considered ; namely, 
when the joint weight of A and C is equal to, or less 
than, the weight of B ; and when the joint weight of A 
and C is equal to, or greater than, the weight of B. 

. . . ;•••.•:: ^^' 

••/;•.*.: ^.iui rS|fpeot**ft) the state or condition of B, at the time 
•* • 'of jccjli^iofij ^Ife&e are " "^ ' *" ^ • ^ -. 

napiajyi *•••*'•* / . 
\(Sx}i Tynj^'jfcigUn a state of rest with respect to A. 
^.•y-Wheii B is moving in the same right line and 
direction as that in which A is moving. 

(3.) When B is moving in the same right line as that in 
which A is moving, but in an opposite direction. 

(4.) When B is moving in a line of direction that will 

form any angle whatever with that in which A is moving. 

(5.) When B is at rest with respect to A and C, while 

A and C move in lines of direction that will form any 

angle whatever. 



five cases that will be considered ; 
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DEVOTED TO THE KNDNCI4T10N OP THE L4W8 WTIIOU DETEBUTXE 
THE BBSTTLTB OF COLLISION IS THE FIRST CLASS OF CABEB; 
WHICH CON318TS OP THOSE IN WHICH THE WEIGHT OF A 
15 LESS THAN, OR EQPAL TO, THE WEIGHT OF Bj ASD IN 
WBICB B la AT REST AT THE TIME OF COLLffilOtf. 



every case belonging to this class, the results of 
ision will be determined by the following laws : 
Law 1. A will be reflected back, from the point of 
collision, in the same line that it moved in before col- 
lision. Both the velocity and moraentnm of A, — as com- 
red with tlie velocity and momentum of A before 
illision, — will be proportional to the difference between 
the respective weights of A and B. 

Law 2. The momentum of B, — as compared with the 
momentum of A before collision, — will be proportional 
the ratio of the weight of A to the weight of B. 
Law 3. The velocity of B,— as compared with the ve- 
lity of A before collision, — will be proportional to the 
of the ratio of the weight of A to the weight 
B. 

These laws will give the results of collision in terms 
the weight of B : that is, if B, in any given case, 
tuld weigh t^n pounds, the results of collision wonld 
come out ill tenths. If B should weigh nine pounds, 
le results would all come out in ninths. If B should 
igh eight pnnnds, the results would all come out in 
tkih»; and so on, for all weights whatsoever. 
And the results, in each and every rase, may all be 
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expressed by three fractional numbers: namely, that 
which expresses the difference between the respective 
weights of A and B ; that which expresses the ratio of 
the weight of A to the weight of B ; and that which ex- 
presses the square of the ratio of the weight of A to the 
weight of B. 

The following tables have been drawn up for the pur- 
pose of showing the results of collision in four hundred 
different cases belonging to the first class. These tables 
must be read from left to right, across the page ; for the 
problem and the solution thereof, are both given on the 
same line. The problems are all of one kind, and may 
be thus stated : Given, the respective weights of A and 
B, and the velocity and momentum of A before col- 
lision : to find the velocity and momentum of both A and 
B after collision. As no account is taken of any resist- 
ance which the bodies may meet with, either before or 
after collision, from any external source, the amount of 
the momentum to be accounted for after collision, will 
always be equal to the momentum assigned to A before 
collision. And since all the momentum before collision 
belongs to A ; and since A, by supposition, comes in 
collision with B only ; the whole of the momentum as- 
signed to A before collision, must be found in A and 
B after collision. It is required to determine what por- 
tion of the momentum assigned to A, before collision, 
will be imparted to B at the time of collision ; and 
what portion will be retained by A after it has come in 
collision with B. 

In case No. 90, Table IV., of this section, for example, 
the weight of A is 10 pounds, and the velocity of A, 
before collision, is 10 feet per second. One of these 
numbers multiplied by the other will produce 100. 
Hence, the momentum of A, before collision, is put down 
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in the table as 100; and this is tlifi amount of the mo- 
_mentam that is to be accounted for after collision. The 
Bight of B is sixteen pounds, and B is supposed to be 
■est at the time of collision. 

Now. according to Law 1, both the velocity and mo- 
Dtnm of A after collision, — as compared with the 
felocity and moraentnm of A before collision, — will be 
mportional to the differenee between the respective 
reighta of A and B. In case No. 90, Table IV., the dif- 
ference between the weights of A and B is ■^. Hence, 
both the velocity and raoraentum of A, after collision, is 
pnt down in the table as -^ : the meaning of which is, 
^^^at the velocity of A will be equal to six-sixteenths of 
^H^fae velocity which A had before collision : that is, equal 
^^K six-^xteenUis of ten feet per second ; and that the 
^^Bu)mentum of A will be equal to six-sixteenths of the 
^^■Momentom whicli A had before collision : that is, equal 
^1^ six-uxteenths of 100. 

According to Law 2, the momentum of B, — as compared 
with the momentum of A before collision,— wiU be pro- 
portional to the ratio of the weight of A to the weight 
of B. In case No, 90, that ratio is ^. Hence, the mo- 
inentnra of B, after collision, is put down in the table as 
I ; and the meaning of it is, that it will be equal to ten- 
Xteenths of the momentum which A had before col- 
klon : that is, equal to ten-sixteenths of 100 ; which, 
to sis-sisteenths, — the momentum of A, — will 
ke eixteen-sixteenths of 100 ; which is equal to the 
mentum of A before collision. 

According to Law 3, the velocity of B, — as compared 
I the velocity of A before collision, — will be propor- 
inal to the square of the ratio of the weight of A to the 
eight of B. As that ratio, in case No. 90, is -fj, the 
docity of B, after collision, is put down in the table as 
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fg^ : that is, H X 4^ = ^. And the meaning of it is, 
that it will be equal to one hundred two hundred and 
fifty-sixths of the velocity which A had before collision : 
that is, equal to ^^ of 10 feet per second. 

In the following tables the results after collision are 
always compared with the given velocity and mo- 
mentum of A before collision, as in the foregoing ex- 
ample. 

Now, whatever may be the weight of A, or the weight 
of B, or whatever may be the velocity of A before col- 
lision; the Laws above enunciated will hold good in 
every case in which the weight of A is less than, or equal* 
to, the weight of B, and in which B is at rest, with 
respect to A, at the time of collision. 
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21 


tAt 


U 


10 


i* 




H 


^1 


i^(r 


1» 

8 


22 


Vf 


« 


10 


« 




H 


II 


Vt 


^ 


23 


tV 


H 


10 


1* 




H 


H 


Vr 


^ 



12 



TABLE IL— Continued. 



No. of 

tho 

Caae. 


fhictlODB of 1 
pouDd. 




<=: ? . 

> 

10 






Velocity of A 
after colhidon. 


11 

cC a 
o a o 


«» CS o 


Velocity of B 
after coUlalon. 


24 


Vt 




H 


^ 


25 


tV 


^ 


10 


H 




n 


?i 


tV 


Vr 


26 


Vir 


n 


10 


H 




u 


IJ 


w 


^ 


27 


tV 


H 


10 


u 




H 


-IJ 


tV 


^ 


28 


^ 


II 


10 


fj 




-n 


11 


^ 


Vr 


29 


^V 


II 


10 


u 




u 


li 


tV 


W 


30 


Vr 


-u 


10 


'A 




n 


-n 


Vr 


V^ 


31 


tV 


la 


10 


n 




69 


69 
70 


tV 


^ 


32 


ih 


1* 


10 


U 




n 


fl 


nV 


1^ 


33 


ViT 


IS 


10 


n 




u 


-U 


t,V 


W 


34 


Vt 


n 


10 


Vr 




Vf 


66 


i,V 


W 


35 


uV 


n 


10 


u 




n 


M 


T>*,r 


W 


36 


iiV 


u 


10 


H 




u 


M 


1.V 


tAt 


37 


Vc 


H 


10 


n 




u 


11 


T^ 


nV 


38 


lAr 


u 


10 


n 




u 


M 


^ 


1^ 


39 


^ 


n 


10 


n 




u 


li 


.v ■ 


^ 


40 


T.'r 


n 


10 


li 




n 


n 


iiV 


1^ 


41 


uV 


n 


10 


u 




n 


*?- 


A 


1^ 


43 


rV 


n 


. 10 


H 




n 


M 


-^ 


^' 


43 


A 


u 


10 


H 




n 


II 


z\ 


ii 


44 


Vt 


u 


10 


n 




n 


n 


A 


Vr 


45 


TlV 


u 


10 


H 




H 


M 


TSV 


V^ 


46 


zV 


iis 


10 


H 




H 


n 


isV 


Vj? 


47 


Vf 


H 


10 


n 




n 


M 


Vr 


3^ 


48 


Vj 


u 


10 


H 




n 


II 


kV 


51 


49 


Vr 


u 


10 


u 




u 


U 


w 


^ 



TABLE IL— Continued. 



13 



Ko. of 

the 

Case. 


Weight of A in 
fractions of 1 
pound. 


Weight of Bin 
fractions of 1 
pound. 


«** a 

10 


Momentum of 
A before col- 
lision. 




oJ« Velocity of A 
i-p after collision. 


Momentum of 
A after col- 
lislon. 


Mumetituro of 
B after col- 
lision. 


Velocity of B 
after coUlaion. 


50 


Vr 


II 


n 




U 


W 


^ 


51 


^ 


n 


10 


u 




n 


u 


V«r 


a 


52 


A 


tt 


10 


H 




n 


H 


it 


a 


53 


A 


« 


10 


H 




a 


n 


A 


^ 


5i 


^ 


« 


10 


H 




ff 


n 


if 


if 


55 


A 


tt 


10 


H 




ft 


n 


iV 


a 


56 


iV 


a 


10 


H 




H 


a 


is 


a 


57 


it 


H 


10 


il 




a 


H 


if 


a 


58 


is 


H 


10 


H 




H 


H 


is 


i^ 


59 


if 


H 


10 


H 




H 


a 


^ 


i^ 


60 


A- 


H 


10 


a 




f? 


H 


it 


i^ 


61 


iV 


** 


10 

• 


U 




II 


u 


A 


a 


62 


A 


« 


10 


H 




« 


H 


^ 


a 


63 


t^ 


II 


10 


H 




11 


a 


lAr 


^ 


61 


W 


« 


10 


n 




II 


n 


Vr 


ii 


65 


Vr 


« 


10 


U 




H 


n 


i. 


a 


66 


W 


H 


10 


U 




U 


H 


is 


a 


67 


it 


« 


10 


U 




« 


H 


if 


a 


68 


h 


II 


10 


H 




H 


n 


is 


a 


69 


A 


II 


10 


H 




H 


u 


is 


a 


70 


A- 


« 


10 


H 




M 


n 


ir 


i^ 


71 


W 


II 


10 


H 




n 


u 


^0 


is 


72 


A 


H 


10 


H 




M 


M 


is 


a 


73 


1^ 


H 


10 


il 




IJ 


II 


is 


is 


74 


iV 


« 


10 


H 




ii 


S6 
2 7 


if 


if 


75 


A 


H 


10 


H 




1^ 


25 


i^ 


i^ 
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TABLE JL— Continued. 



No. Of 

the 

Caie. 


ifli 


—£•0 


llll 

10 


Momentum of 
A before col- 
lUlon. 




Velocity of A 
, after colllalon. 


c - a 
«/ < 

1* 


a 


Velocity of B 
after oolllalon. 


76 


H 




H 


W 


77 


^ 


n 


10 


H 




H 


« 


A 


ii 


78 


A 


II 


10 


H 




H 


il 


1^ 


W 


79 


^ 


M 


10 


n 




n 


H 


A 


3« 


80 


Vr 


H 


10 


H 




n 


i* 


i4- 


t^ 


81 


^ 


«■ 


10 


U 




H 


H 


^ 


^ 


82 


^ 


i4 


10 


H 




H 


1* 


tV 


i^i 


83 


A 


il 


10 


H 




H 


H 


tV 


T»^ 


84 


tV 


n 


10 


H 




11- 


II 


tV 


tV 


85 


tV 


n 


10 


n 




n 


li 


T^ 


iV 


86 


tV 


if 


10 


H 




H 


H 


tV 


■H 


87 


iV 


H 


10 


H 




H 


H 


tV 


^ 


88 


tV 


II 


10 


H 




If 


II 


iV 


^ 


89 


tV 


II 


10 


H 




11 


H 


tV 


Vj 


90 


tV 


If 


10 


H 




H 


IJ 


iV 


T»; 


91 


iV 


IS 


10 


H 




A 


A 


iV 


^ 


92 


i 


* 


10 


V 




i 


4 


i 


V 


93 


i 


1 


10 


V 




i 


i 


i 


i' 


94 


+ 


1 


10 


V 




4 

• 


1 


+ 


V 


95 


i 


* 


10 


V 




* 


* 


i 


V 


96 


* 


i 


10 


V 




i 


i 


i 


f 


97 


i 


i 


10 


V 




i 


i 


i 


i* 


98 


i 


1 


10 


V 




i 


♦ 


1 


f 


99 


i 


1 


10 


y 




1 


1 


i 


i' 


100 


1 


1 


10 


¥ 




* 


f 


1 


1' 



TABLE III. 



SECTION L] 














[CLASS L 


Ko. of 

tlie 

Case. 




s 

B> . 
II 


o Q § 
** t» m 

>• 


H. 




^ 


e*i a 

«> OS o 


eti a 

Ki 


o 

i-8 


1 




1 


10 


10 




* 


i 


\ 


f 


2 




2 


10 


10 




i 


i 


i 


i' 


8 




8 


10 


10 




* 


i 


i 


i' 


4 




4 


10 


10 




i 


i 


i 


i' 


5 




5 


10 


10 




i 


i 


i 


i* 


6 




6 


10 


10 




i 


i 


i 


V 


7 




7 


10 


10 




1 


* 


+ 


V 


8 




a 


10 


10 




i 


* 


i 


V 


9 




9 


10 


10 




i 


i 


* 


V 


10 




10 


10 


10 




A 


A 


A 


T»<? 


11 




11 


10 


10 




n 


« 


iV 


1^ 


12 




12 


10 


10 




H 


ii 


tV 


1^ 


13 




13 


10 


10 




il 


a 


IV 


■^ 


14 




14 


10 


10 




« 


H 


tV 


^ 


15 




15 


10 


10 


• 


H 


H 


iV 


a 


16 




16 


10 


10 




H 


n 


w 


iV 


17 




17 


10 


10 




W 


H 


iV 


^ 


18 




18 


10 


10 




« 


« 


iV 


^ 


19 




19 


10 


10 




H 


« 


tV 


^ 


20 




20 


10 


10 




** 


i* 


3V 


]aV 


21 




21 


10 


10 




H 


1* 


^ 


1^ 


22 




22 


10 


10 




a 


li 


1I»^ 


v^ 


23 




28 


10 


10 




M 


M 


s** 


w 



16 



TABLE UL—CoHtinuetL 



Ko.of 
Case. 


a 

II 


Welfbt of B In 
pounds. 


> 

10 


=1 




Velocity of A 
after colIuloD. 




%m f 

1 

s4a 

i 1 


• 

CD B 


24 




24 


10 




a 


H 


Th 


iV 


26 




23 


10 


10 




H 


H 


A 


A* 


26 




26 


10 


10 




n 


n 


A 


W 


2T 




27 


10 


10 




n 


H 


^ 


W 


28 




28 


10 


10 




n 


H 


^ 


iS 


29 




29 


10 


10 




n 


ft 


^ 


i^ 


30 




30 


10 


10 




n 


fl 


iv 


a 


31 




31 


10 


10 




n 


« 


^ 


it 


32 




32 


10 


10 




U 


n 


A 


a 


33 




33 


10 


10 




U 


II 


if 


ix 


34 




34 


10 


10 




n 


« 


A 


a 


30 




35 


10 


10 




H 


H 


W 


a 


36 




36 


10 


10 




n 


H 


Vr 


a 


37 




37 


10 


10 




u 


fl 


if 


a 


3S 




38 


10 


10 


• 


II 


n 


W 


ii 


39 




39 


10 


10 




li 


H 


A 


a 


40 




40 


10 


10 




n 


U 


iV 


a 


41 




41 


10 


10 




H 


H 


it 


a 


42 




42 


10 


10 




H 


H 


A 


a 


43 




43 


10 


10 




H 


a 


tV 


a 


44 




44 


10 


10 




a 


H 


A 


a 


45 




45 


10 


10 




a 


H 


A 


a 


46 




46 


10 


10 




n 


n 


^v 


a 


47 




47 


10 


10 




i'r 


n 


iV 


Vt 


48 




48 


10 


10 




n 


« 


A 


a 


49 




49 


10 


10 




a 


a 


-iV 


a 



TABLE llh—ContiHual 



17 



1^0. of 

tll« 

Caae. 


a 
< . 

si 

ft 


Si 


Velocity of A 
before colli- 
don In feet 
per second. 


lid 

pi 

10 




Velocity of A 
sfter collldou. 


a 


It. 

1*1 


Velocity of B 
after oolUalon. 


50 




50 


10 




n 


^ 


51 




51 


10 


10 




n 


« 


Vr 


^ 


52 




52 


10 


10 




w 


a 


Vr 


^ 


53 




53 


10 


10 




H 


H 


Vj 


a 


54 




64 


10 


10 




a 


a 


A- 


ii 


55 




55 


10 


10 




H 


H 


tV 


a 


56 




56 


10 


10 




u 


H 


Vr 


^ 


57 




57 


10 


10 




ff 


14 


ir 


i^ 


58 




58 


10 


10 




H 


1* 


Vr 


ii 


59 




59 


10 


10 




H 


ft 


^ 


a 


60 




60 


10 


10 




n 


It 


^ 


^ 


61 




61 


10 


10 




n 


« 


^ 


^ 


63 




62 


10 


10 




H 


H 


^V 


^ 


63 




63 


10 


10 




« 


H 


Vf 


^ 


64 




64 


10 


10 




« 


U 


Vr 


VJ 


65 




65 


10 


10 




H 


H 


^ 


^ 


66 




66 


10 


10 




H 


U 


i€ 


^ 


67 




67 


10 


10 




n 


H 


Vt 


w 


68 




68 


10 


10 




n 


H 


^ff 


ii 


69 




69 


10 


10 




■n 


n 


^ 


^ 


70 




70 


10 


10 




H 


n 


A 


^i 


71 




71 


10 


10 




n 


n 


^ 


Vr 


72 




72 


10 


10 




H 


H 


tV 


W 


73 




73 


10 


10 




H 


H 


iV 


iV 


74 


^ • 


74 


10 


10 




H 


n 


Vt 


W 


75 




75 


10 


10 




H 


H 


W 


tV 



18 



TABLE UL—Coutintutl 



Ko. of 

the 

Oaao. 


pounds. 


a 

5 . 
IE 


o u a 

Ills 

> 


Momentum of 
A before col- 
lision. 

1 




Vrioclty of A 


ft* 3 O 


Momentum of 
B after col- 
lision. 


Velocity of B 
after MlUslon. 


76 


76 


10 


10 




H 


W 


a 


n 




77 


10 


10 




H 


H 


T»t 


if 


18 




78 


10 


10 




H 


H 


T^f 


a 


79 




79 


10 


10 




1} 


II 


Vf 


a 


80 




80 


10 


10 




U 


II 


if 


a 


81 




81 


10 


10 




ft 


II 


it 


it 


82 




82 


10 


10 




U 


II 


^V 


a 


83 




83 


10 


10 




M 


II 


it 


a 


84 




84 


10 


10 




« 


II 


T.V 


ii 


85 




85 


10 


10 




f* 


II 


W 


a 


86 




86 


10 


10 




II 


II 


irV 


a 


87 




87 


10 


10 




1^ 


II 


TJV 


ir 


88 




88 


10 


10 




II 


H 


tAt 


a 


89 




89 


10 


10 




II 


II 


T^ 


a 


90 




90 


10 


10 




n 


H 


Vir 


a 


91 




91 


10 


10 




« 


li 


^ 


ir 


92 




92 


10 


10 




u 


li 


Vr 


a 


93 




93 


10 


10 




H 


II 


it 


a 


94 




94 


10 


10 




« 


If 


■h 


ii 


95 




95 


10 


10 




« 


II 


W 


a 


96 




96 


10 


10 




U 


II 


■«V 


a 


97 




97 


10 


10 




II 


II 


Vt 


i^ 


98 




98 


10 


10 




n 


II 


is 


a 


99 




99 


10 


10 




II 


II 


i. 


a 


100 




100 


10 


10 




^oV 


T»A 


riflr 


T^V 



TABLE IT 



BBCTION L] 



[CLASS 1. 



No. of 

CMC. 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



1^ 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
8 
3 
3 
3 
3 
3 
3 
3 
3 



a 
a . 

■as 
51. 



3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

14 

16 

10 

4 

5 

6 

7 

8 

9 

10 

11 

12 



►•£-1 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



"1 

-<s ■ 

c s a 

«> S Q 

3! 



20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
30 
30 
30 
30 
30 
30 
30 
30 
30 



^g 




GS 


p 










i^S 


^5 = 


II 


«< « o 


k* 


> 



cC s 



I a 



i 


+ 


i 


* 


* 


* 


i 


* 


* 


f 


* 


1 


* 


* 


A 


A 


A 


A 


+J 


H 


H 


H 


« 


H 


If 


« 


H 


H 


i 


i 


* 


f 


* 


* 


+ 


+ 


1 


i 


* 


* 


A 


A 


A 


V'r 


A 


A 



* 

t 
f 
I 

4 

A 
A 
A 
A 
A 
A 
A 
f 

■I 
i 

A 
A 
A 



X w 



r 
r 

r 

A 
»» 

TT 

A 

A 

A 
A 

A 

r 
r 

A 
A 
A 
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TABLS IV.^ Continued. 



Vo.ct 
Cu*. 


Welfht of A In 
pounds. 


Wcl(ht of B In 
pounds. 


■ss*| 

> 


Momentum of 
A before col- 
Isiun. 






Momentum of 
A after col- 
IMon. 


Momentum of 
U after col- 
Ualon. 


Velocity of B 
after eoUlelon. 


24 


3 


13 


10 


30 




H 


H 


A 


A 


25 


3 


14 


10 


30 




H 


H 


A 


A 


26 


3 


15 


10 


30 




H 


H 


A 


A 


27 


3 


16 


10 


30 




H 


H 


A 


A 


28 


4 


5 


10 


40 




i 


i 


i 


f 


29 


4 


6 


10 


40 




t 


t 


i 


*• 


80 


4 


7 


10 


40 




1 


f 


i 


f 


31 


4 


8 


10 


40 




i 


i 


i 


r 


32 


4 


9 


10 


40 




1 


i 


4 


V 


33 


4 


10 


10 


40 




A 


A 


A 


A 


34 


4 


11 


10 


40 




A 


A 


A 


A 


35 


4 


12 


10 


40 




A 


A 


A 


A 


36 


4 


13 


10 


40 




iV 


A 


A 


A 


37 


4 


14 


10 


40 




H 


H 


A 


A 


38 


4 


15 


10 


40 




H 


H 


A 


A 


39 


4 


16 


10 


40 




H 


H 


A 


A 


40 


5 


6 


10 


50 




i 


i 


* 


r 


41 


5 


7 


10 


50 




f 


f 


f 


r 


42 


5 


8 


10 


50 




1 


* 


1 


r 


43 


5 


9 


10 


50 




i 


i 


i 


V 


44 


5 


10 


10 


50 




tV 


A 


A 


A 


45 


5 


11 


10 


50 




A 


A 


A 


A 


46 


5 


12 


10 


50 




•iV 


A 


A 


A 


47 


5 


13 


10 


50 




A 


A 


A 


A 


48 


5 


14 


10 


50 




A 


A 


A 


A 


49 


5 


15 


10 


50 




n 


« 


A 


A 



TABLE IV.—Cotainued. 
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Ko.or 

tlM 

Caae. 


H 


a 


mi 

> 


Momentum of 
A befora col- 
lision. 




Velocity of A 
after coUlalon. 


Momentum of 
A after col- 
Ualon. 


Momentum of 
B after col- 
Uslon. 


Velocity of B 
after coUlalon. 


50 


5 


16 


10 


50 




H 


ii 


A 


A 


51 


6 


7 


10 


60 




+ 


1 


1 


V 


52 


6 


8 


10 


60 




* 


1 


t 


r 


53 


6 


9 


10 


60 




4 


♦ 


* 


V 


54 


6 


10 


10 


60 




A 


A 


A 


A 


55 


6 


11 


10 


60 




A 


A 


A 


A 


56 


6 


12 


10 


60 




tV 


A 


A 


A 


57 


6 


13 


10 


60 




A 


A 


A 


A 


58 


6 


14 


10 


60 




A 


A 


A 


A 


59 


6 


15 


10 


60 




A 


A 


A 


A 


60 


6 


16 


10 


60 




H 


n 


A 


A 


61 


7 


8 


10 


70 




i 


i 


* 


r 


62 


7 


9 


10 


70 




i 


♦ 


1 


V 


63 


7 


10 


10 


70 




A 


A 


A 


A 


64 


7 


11 


10 


70 




A 


A 


A 


A 


65 


7 


12 


10 


70 




A 


A 


A 


A 


66 


7 


13 


10 


70 




A 


A 


A 


A 


67 


7 


14 


10 


70 




A 


A 


A 


A 


68 


7 


15 


10 


70 




A 


A 


A 


A 


69 


7 


16 


10 


70 




A 


A 


A 


A 


70 


8 


9 


10 


80 




i 


i 


t 


V 


71 


8 


10 


10 


80 




A 


A 


A 


A 


72 


8 


11 


10 


80 




A 


A 


A 


A 


73 


8 


12 


10 


80 




A 


A 


A 


A 


74 


8 


13 


10 


80 




A 


A 


A 


A 


" 


8 


14 


10 


80 


- 


A 


A 


A 


A 
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TABLE IV.^ContiHwd. 



Ko.of 

the 

Case. 


Weight of A In 
pounds. 


Wclfht of B 111 


Velocity of A 
before colll- 

- aion in fbct 
per second. 


Momentum of 
A before col- 
lision. 




Velocity of A 
after collision. 


Momentum of 
A after col- 
lision. 


Momentum of 
B after col- 
lision. 


Velocity of B 
after collision. 


76 


8 


15 


10 


80 




A 


A 


A 


A* 


77 


8 


16 


10 


80 




A 


A 


A 


A 


78 


9 


10 


10 


90 




A 


A 


A 


A 


79 


9 


11 


10 


90 




A 


A 


A 


A 


80 


9 


12 


10 


90 




A 


A 


A 


A 


81 


9 


13 


10 


90 




A 


A 


A 


A 


82 


9 


14 


10 


90 




A 


A 


A 


A 


83 


9 


15 


10 


90 




A 


A 


A 


A 


84 


9 


16 


10 


90 




A 


A 


A 


A 


85 


10 


11 


10 


100 




A 


A 


H 


W 


86 


10 


12 


10 


100 




A 


A 


« 


W 


87 


10 


13 


10 


100 




A 


A 


« 


w 


88 


10 


14 


10 


100 




A 


A 


« 


w 


89 


10 


15 


10 


100 




A 


A 


H 


w 


90 


10 


16 


10 


100 




A 


A 


H 


w 


91 


11 


12 


10 


110 




A 


A 


H 


w 


92 


11 


13 


10 


110 




A 


A 


H 


w 


93 


11 


14 


10 


110 




A 


A 


H 


«• 


94 


11 


15 


10 


no 




A 


A 


H 


w 


95 


11 


16 


10 


no 




A 


A 


H 


w 


96 


12 


13 


10 


120 




A 


A 


if 


w 


97 


12 


14 


10 


120 




A 


A 


H 


w 


98 


12 


15 


10 


120 




A 


A 


if 


H* 


99 


12 


16 


10 


120 




A 


A 


if 


H' 


100 


12 


17 


10 


120 




A 


A 


if 


W 



LAWS OF MOTION. 



SECTION II. 

:T0TED to the lINXNCIATIOIf OF TBK LAWS WHICH DKT£B- 
USE THE REflULTU UF (OL1.IBIOX IS TltU BECOND CLASS 
OF CASKS, WEIICH CuNSIBTS OF THOSE IJJ WHICII TBK WEIGHT 
or A IS CEEATEE JBAM, OH liIQLAL H>, THE WICIQKT OF B J 
AND IX WUIl'lI E 13 AT REST AT THE TIME OF COLLISION. 



tno 

m 



Is every case belonging to the Second Class the reenlts 
colli&ion will be determined by the following laws : — 

Law 1, — A will move in tlie same line after as before 

llision. Both tho velocity and momentum of A,— as 
tompared with the velocity and momentum of A before 
collision, — will be proportional to the difference between 
tile respective weights of B and A. 

Law 2, — Tlie momentum of B, — as compared with the 
momentum of A before collision, — will be proportional to 

le ratio of the weight of B to tho H'eight of A. 

Law 3. — B will move ju the given direction of A. 

le velocity of B wiU bo equal to the velocity of A 

ifore collision. 

These laws will give the results of collision in terms of 
the Weight of A ; and tlio results, in every case, may all 
bo expressed by tliree fractional numbers, namely, that 
wbich expresses the difference between the respective 
weights of B and A ; tliat which expresses the ratio of 
weiglit of B to (he weight of A ; and that which 
resses the sum of the said ratio and difference. 

By comparing the laws of Section I. with tliose of Sec- 

in II., it M^ill bo seen tliat iti the lirst class of cast's, A 

ill Always bi- found, after collision, upon one and the 
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same side of the point of collision, and B upon the other 
side ; while, in the second clas3 of cases, both A and B 
will always be found upon one and the same side of the 
point of collision; that both the velocity and momentum 
of A, after collision, are determined by the same law in 
both classes of cases ; but that A, in the first class, is 
reflected back from the point of collision, while, in the 
second class, A follows on after B ; that the momentum 
of B5 in the first class, is proportional to the ratio of 
the Weight of A to the weight of B ; while, in the second 
class, it is proportional to the ratio of the weight of B to 
the weight of A ; that, in the first class, the velocity of B, 
after collision, is proportional to the square of the ratio 
of the weight of A to the weight of B ; while, in the sec- 
ond class, the velocity of B is equal to the velocity of A, 
before collision ; and, that in the first class of cases, the 
Jesuits of collision are expressed in terms of the weight 
of B ; while, in the sc^cond class, tha results of collision 
are expressed in terms of the weight of A. 

The following tables have been constructed for the pur- 
pose of showing the results of collision in four hundred 
different cases belonging to the second class. In case 
No. 20, of the first table, for example, the weight of A is 
one pound, and the velocity of A, before collision, 10 feet 
per second. Hence the momentum of A, before collision, 
is put down in the table as 10, which is the amount that is 
to be accounted for after collision. The weight of B is 
•jSy^ of 1 pound. Now, according to Law 1, both the 
velocity and momentum of A, — ^as compared with the 
velocity and momentum of A before collision, — will be 
proportional to the difference between the respective 
weights of A and B. As the weight of A, in case 
No. 20, is 1 pound, or |J^, and the weight of B -j^V 5 
the difference is -j^. Hence the velocity and niouientum 



LAWS OF MOTION. 



25 



of A are each put down in the table as -j^uV '< *^® meaning 
of which is, that the velocity of A will he equal to eighty 
onp-hundredths of the vclocily which A liad Ijefore col- 
lision ; that is, equal to eighty one-hnniirtdths of ten 
fi?et per second ; and that the- momentum of A will be 
eqaal to eighty one-hundredths of the momentum which 
A liad before collision, — that is, equal to eighty one-hun- 
dredths of 1(1. 

According; to Law 2, the momentnm of B, after col- 
lision, as compared with the momentum of A before 
collision, will bo proportional to the ratio of the weight 
of B to the weight of A. In case No. 20, that ratio is 
-j%V IlencR the momentum of B, after collision, is put 
down in the table as -^^\ ; and the meaning of it is, that 
it will be equal to twenty one-hundredtlis of the momen- 
tum which A had before collision: that is, equal to 
twenty one-hundn^dths of 10. Now, as the momentum 
of A, after collision, was equal to ^'^ of 10, and the 
momcutnm of B equal to ^^V of 10, all the momentum 
that was to be accounted for after collision, has beeq 
fonnd. 

According to Law 3, the velocity of B, after collision, 
will be eqnal to the velocity of A Iwfore collision. 
ITeuce, the veloiuty of B, after collision, is put down in 
the table as \i^ ; and the meaning of it is, that it will 
be eqnal to one hundred one-hundredths of the velocity 
which A had before collision. 

Now, whatever may be tlie weight of A, or the weight 

of B ; or, whatever may bo the velocity of A before 

sion ; the laws above enunciated will hold good in 

ry case in wlilcli the weight of A is equal to, or 

it*T than, the weight of B ; and in which B is at rest, 

with respect to A, at the time of collision. 



of B; 
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TABLE I. 



[OLA98 U- 



Ko. of 
Cam. 



1 

2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



s 
•< . 

ll 






tJtt 

tJtf 
tJtf 



TOO 

T 



^Ar 



IS 

"nnr 

TOO 



oS § 

llli 



^8 

is 
5^= 



10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 




10 


10 





^1 

ll 


5] 

sis 


iWr 


AV 


iVir 


^ 


tWt 


tW 


1^1^ 


T»A 


too 


T»A 


iV« 


AV 


I'A 


^A 


T»«V 


T»oV 


iVr 


VWr 


T»rfV 


TV.r 


iViT 


98 
TOdT 


W.r 


vw 


vw 


AV 


T^ 


T^ 


VWr 


1^ 


i»<iV 


T»A 


1^ 


l»rfv 


^A 


T»A 


T*iAr 
100 


T»<^ 


80 


t'oV 


iVt 


100 


t'oV 


77 

rViT 


i'<^.r 



i«3 



ToTT 

Toir 
tItt 
tIt 

tJv 
tJtt 
tIit 

TO" 

Too 
TTRT 

icnr 

iA 

tW 
Tinr 
iVr 
"nnr 
tWt 



^1 



100 

Tto 

log 
Totr 

m 
m 

m 

100 

Too 
tM" 

100 

Toa 

tM" 

100 

Toa 

m 

100 

Too 
100 

tolr 

iH 

Too 

100 

Tolr 

+*l 

100 

too 

100 

Too 

100 

Too 
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Ko. of 
Case. 



24 
25 
26 
27 
28 
29 
80 
31 
82 
88 
84 
85 
86 
87 
88 
8f 
40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 



•< . 
II 



c 5 . 

til 



100 

tVt 
■ASr 

iV«- 

AV 



^= U • 

mm >h ^ 



10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



°1 

ie 






10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



« « o 

5^= 



AV 
AV 

•AV 
tW 
•AV 

AV 

"nnr 
Tinr 

61 

Toir 

tVV 

tWt 
tW 

iVV 
AV 
AV 

TTO" 



AV 

AV 
AV 

TTnr 
Aftr 

AV 

tWt 

AV 
AV 
AV 

-AKr 

Toa 

VA 
AV 

AV 
AV 

AV 
AV 

A'<r 

AV 



cC a 

•* « c 



ci 



T^oV 

AV 

tinr 

so 
tW 

81 

Too" 
Toot 

AV 
AV 
AV 
AV 

Tocr 
"TdV 
"TdV 

AV 
AV 

A'.r 

AV 
AV 

■AAr 
IQO 

iVV 

Tcnr 
Too 



m 

log 
Toir 

fU 

log 
Toir 

m 

100 

TW 

100 

Toir 

m 
m 

100 

TW 

100 

Toir 

log 
Toir 

m 

100 

Toir 

100 

Toir 

100 

Toir 
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TABLE I— Continued. 



Ho. of 
Ou*. 


Welffatof Ala 
pounds. 


0O4 
Mm 9 


> 

10 


ilom«iituiB of 
A before col* 

llilOU. 




>s3 


It 


|a3 




50 






10 




^A 


«* 


51 




100 


10 


10 




iVf 


Wir 


l»oV 


m 


52 




100 


10 


10 




i*A 


iViT 


iVff 


m 


53 




TV<r 


10 


10 




T^ 


!*(/'(. 


iWr 


m 


54 




VW 


10 


10 




iVf 


iVir 


iWr 


m 


55 




iVir 


10 


10 




T*A 


i*(/'f 


i»A 


m 


56 




i»<?<r 


10 


10 




iVir 


T*oV 


T»/ir 


m 


57 




tW 


10 


10 




T*^ 


T*A 


i»irtr 


m 


58 




TV<r 


10 


10 




T*A 


iV(r 


iWr 


m 


59 




T»,^<r 


10 


10 




iVir 


iV,r 


iVi. 


m 


60 




^A 


10 


10 




iVir 


^ 


m 


m 


61 




iVff 


10 


10 




t'A 


■^ 


"AV 


m 


62 




t'A 


10 


10 




TV<r 


i»A 


I'ij'.r 


109 
Tolr 


63 




t'A 


10 


10 




tVit 


t'oV 


tWt 


m 


64 




VW 


10 


10 




AV 


iVf 


iVir 


m 


65 




VW 


10 


10 




i»(^(r 


T^ 


T^ 


m 


66 




T*,?<r 


10 


10 




T»«V 


tWt 


T*/.. 


m 


67 




"nnr 


10 


10 




AV 


T»(ftr 


I'o'ir 


m 


68 




T^i^^ 


10 


10 




I'A 


T»(^ 


T^ 


m 


69 




100^ 


10 


10 




100 


iVir 


100 


m 


70 




tW 


10 


10 




tWt 


•i»<?ir 


T% 


m 


71 




iVff 


10 


10 




iVir 


iV<r 


iVf 


m 


72 




T% 


10 


10 




I'i^ff 


i»A 


T% 


m 


73 




1% 


10 


10 




iVff 


VWr 


T% 


m 


74 




"nnr 


10 


10 




T^ 


AV 


T^ 


m 


75 




tV. 


10 


10 




iWr 


T^o'ff 


AV 


m 
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Kg. of 

th« 

Cum. 


Welfht of A Id 
pound*. 


Weight of B la 
Auctions of 1 
pound. 


Velocity of A 
before colli- 
sion In f^t 
per second. 


Jfomentnin of 
A before eol' 




'S ^ 


« * o 

i^oV 


Momentum of 
B after col- 
lision. 


Velocity of B 
after collision. 


76 


1 


100 


10 


10 




100 


m 


77 


^ 


77 


10 


10 




I'rf'.r 


vw 


77 


m 


78 




100 


10 


10 




T»(fr 


100 


100 


m 


79 




^ 


10 


10 




tV^t 


lao^ 


79 

100 


m 


80 




^A 


10 


10 




iV,r 


1 00 


80 


m 


81 




^ 


10 


10 




tW 


100 


iVir 


m 


82 




vw 


10 


10 




lot 


100^ 


m 


m 


83 




m 


10 


10 




100 


100 


1% 


m 


84 




vw 


10 


10 




A'a 
100 


iV^ 


iV^ 


m 


85 




^^ 


10 


10 




iViT 


iVir 


i^A 


m 


86 




i»(fir 


10 


10 




■^ 


i^oV 


m 


m 


87 




T^iiV 


10 


10 




I'iV 


iV(r 


i^(;v 


m 


88 




m 


10 


10 




^ 


i^(Ar 


m 


m 


89 




tV^ 


10 


10 




tVjt 


100 


-«Va 
100 


m 


90 




I'.Ar 


10 


10 




tW 


100 


AV 


m 


91 




iVff 


10 


10 




Toir 


iSo' 


iVff 


m 


92 


^ 


T% 


10 


10 




■dhr 


iSo 


tVV 


m 


93 




T»A 


10 


10 




i2<r 


tJit 


1^ 


m 


94 




"nnr 


10 


10 




iJir 


iSo 


■fA 


m 


95 




tV^ 


10 


10 




iSir 


iSo 


100 


m 


96 




100 


10 


10 




rfo- 


ilo 


100 


m 


97 




100 


10 


10 




iJt 


ijff 


VWr 


m 


98 




■AAr 

loa 


10 


10 




i!t 


lio 


T»(f<r 


m 


99 




■iWr 


10 


10 




iJ-cr 


rJir 


T»^ 


m 


100 




iH 


10 


10 




rJc 


lU 


fn 


m 
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No. of 

the 

Gaae. 




^ Weifht of B in 
^^ pounds. 


o 8 g 

IllE 

> 

10 


Momentum of 
A before ool* 
lialon. 


1 


lOiV 


2 


m 




10 


lOiV 


3 


m 




10 


loA 


4 


m 




10 


lOA 


6 


m 




10 


lOA 


6 


m 




10 


10T»f 


7 


m 




10 


lOiV 


8 


m 




10 


lOA 


9 


m 




10 


lOA 


10 


m 




10 


iiA 


11 


m 




10 


iiA 


12 


ToT 




10 


iiA 


13 


"Ht 




10 


"A 


14 


m 




10 


"A 


15 


m 




10 


iiA 


16 


m 




10 


iiA 


17 


m 




10 


UA 


18 


m 




10 


HA 


19 


Too" 




10 


HA 


20 


m 




10 


12A 


21 


m 




10 


12A 


22 


m 




10 


12A 


23 


m 




10 


12tV 






Tfr 

tJt 

tVt 
i»A 

wv 

A*r 

AV 
AV 
AV 
AV 

A^r 

AV 
AV 
AV 



e 



8 



BC a 
» « o 



is 



nrr 



^ 



m 



^ 



rmr 



i 



TffT 

tSt 

TOT 

tStt 

A^ 

A^ 
A»x 

A*r 

A^ 
AV 
AV 
AV 
AV 



A^r 



i^A 



a 



8 



» ci e 






m 
m 
m 
m 

lOQ 
toT 

100 
TOT 

100 
ToT 

100 
TOT 

m 

m 
m 

log 

TTT 
100 

iTtr 



2« 



m 

TOT 

m 
m 

TlrT 
Tot 

m 
m 

TTT 

HI 
irt 

iH 
HI 

m 

m 

ill 
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So.o< 

in* 


1 


SI 








1 


1. 


1 


^ 1 


84 


Hi 




10 


12lV 




A'l 


A<i 


W 


m ■ 


S5 


m 




10 


15A 




T-A 


iV, 


«! 


lit ■ 


26 


m 




10 


12A 




,'A 


AV 


H» 


■ 


2f 


m 




10 


12,', 




i"A 


A, 


«! 


■ 


28 


m 




10 


12A 




iV, 


AV 


HS 


B 


29 


f!l 




10 


12A 




A^ 


I'A 


in 


m ■ 


SO 


m 




10 


"A 




I'A 


AV 


m 


m ^M 


31 


tit 




10 


13A 




I'A 


,'A 


K! 


■ 


33 


1»! 




10 


IS,". 




^•A 


I'A 


H! 


tH ■ 


33 


HI 




10 


13A 




tVi 


iVr 


HS 


tii 


M 


m 




10 


ISA 




A^ 


AV 


m 


Ui 


3i 


us 




10 


'h; 




Al. 


I'A 


m 


Hi 


80 


HI 




10 


13A 




AV 


AV 


IS! 


m 


87 


m 




10 


ISA 




AV 


AV 


m 


m 


38 


m 




10 


ISA 




A", 


iV, 


m 


!il 


39 


m 




10 


ISA 




A". 


AV 


1!J 


m 


40 


m 




10 


itA 




A'l 


AV 


m 


MS 


« 


Hi 




10 


iVi 




A'r 


AV 


1!! 


«i 


rt 


m 




10 


iVi 




I'A 


I'A. 


iS! 


m 


■ 


tii 




10 


i*A 




A". 


I'A 


m 


ni 


■ 


m 




10 


"A 




A 


AV 


tS! 


m 


■ 


m 




10 


"A 




I'A 


AV 


t!S 


m 


■ 


m 




10 


14 A 




iV. 


AV 


m 


m 


41 


m 




10 


IV. 




AV 


A, 


m 


HI J 


48 


m 




10 


i*A 




AV 


A". 


Hi 


W 1 




H» 




10 


"A 


A'. 


A". 


m m 1 
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No. of 

the 

Caw. 


si's 

in 


n 


10 


Momentum of 
A before col- 
lialoii. 




o 

£•1 
T»A 


9 ^ 

ACS 

T»A 


1! 

o£Qs 


Velocity of B 
after eoULUon. 


50 


ISA 


if* 


51 


w 




10 


15tV 




•i»»V 


Ar 


in 


ili 


52 


■fii 




10 


ISA 




iVr 


AV 


iSJ 


ill 


53 


m 




10 


15A 




T»A 


Aj 


m 


ill 


54 


m 




10 


ISA 




AV 


iW 


m 


m 


55 


m 


1 


10 


ISA 




A»f 


At 


m 


ill 


56 


Hi 




10 


ISA 




A"^ 


Air 


m 


ill 


57 


m 




10 


ISA 




Ar 


AV 


m 


in 


58 


m 




10 


ISA 




AV 


Ar 


m 


ill 


59 


m 




10 


ISA 




iV» 


A. 


m 


ill 


60 


m 




10 


16A 




i»A 


AV 


m 


ill 


61 


m 




10 


16A 




AV 


■i»A 


m 


ili 


62 


m 




10 


16A 




T% 


Ar 


m 


ill 


63 


m 




10 


16A 




AV 


Ar 


m 


ill 


64 


m 




10 


16A 




AV 


i*A 


m 


ill 


65 


m 




10 


16A 




Ar 


AV 


m 


m 


66 


m 




10 


16A 




AV 


Ar 


m 


m 


67 


m 




10 


16A 




At 


AV 


m 


iH 


68 


tH 




10 


i«A 




t'A 


i»A 


m 


ill 


69 


iH 




10 


i«A 




AV 


AV 


m 


iH 


70 


m 




10 


17A 




1% 


AV 


m 


if* 


71 


m 




10 


17A 




I'A 


t'iV 


m 


iH 


72 


m 




10 


17A 




A'r 


AV 


m 


iH 


73 


m 




10 


17A 




t'A 


AV 


m 


iH 


74 


m 




10 


HA 




AV 


iVV 


m 


HI 


75 


m 




10 


17A 




AV 


AV 


\n 


iH 
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No. of 

the 

Cue. 


B«4 

pi 

m 


a 

5 . 

li 


a ij a 

> 


It 




-<3 

t'A 


is 

« « o 
o<=: 


BC C 




76 


10 


ITA 


m 


77 


m 




10 


17A 




t't't 


I'A 


m 


m 


78 


m 




10 


HA 




t'A 


AV 


m 


m 


79 


J 79 
lotf 




10 


17A 




iVf 


t'A 


m 


m 


80 


180 

lou 




10 


18iV 




A'<r 


A»<r 


m 


m 


81 


1 Ul) 




10 


iSiV 




I'A- 


i*«V 


m 


m 


82 


m 




10 


lSi»<r 




iVr 


AV 


m 


m 


83 


.18 3 

1 uu 




10 


ISA 




AV 


■i*A 


m 


m 


84 


ISi 
Too 




10 


18T*<r 




AV 


T»sV 


m 


m 


85 


JL85. 

1 00 




10 


18i»<r 




AV 


T*A 


m 


m 


86 


4.8<l 




10 


ISA 




A'c 


AV 


m 


m 


87 


f 00 




10 


ISA 




AV 


Ar 


m 


m 


88 


18^ 

too 




10 


ISA 




A-ff 


AV 


m 


+11 


89 


m 




10 


ISA 




T»A 


T»A 


m, 


m 


90 


in 




10 


i»A 




T*A 


A(r 


m 


m 


91 


m 




10 


19A 




AV 


iVl 


m 


m 


92 


m 




10 


i^A 




T»A 


AV 


m 


m 


93 


m 




10 


19A 




t'A 


Aj 


m 


i?i 


94 


m 




10 


19A 




AV 


AV 


m 


+u 


95 


m 




10 


19A 




AV 


AV 


m 


+u 


96 


m 




10 


19A 




AV 


AV 


m 


m 


97 


Ui 




10 


i»A 




At 


T*liV 


m 


{1} 


98 


m 




10 


19A 




m 


T»A 


m 


m 


99 


m 




10 


19A 




A. 


Af 


m 


iU 


100 


m 




10 


20A 




*«J 


iiHt 


m 


m 
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[CLASS IL 


No. of 
the 

CMC. 


< . 


a 


^ _!.♦■ 

£•£-§ 
l|Sfc 

> 


II . 






«> (t o 


I 

fr «s c 


o 

II 
> 


1 


1 




10 


10 




t 


* 




i 


2 


2 




10 


20 






* 




f 


3 


3 




10 


30 






1 




♦ 


4 


4 




10 


40 






* 




t 


5 


5 




10 


50 






i 




* 


6 


6 




10 


60 






i 




* 


7 


7 




10 


70 






* 




i 


8 


8 




10 


80 




i 


i 


i 


f 


9 


9 




10 


90 




{ 


* 


i 


t 


10 


10 




10 


100 




A 


A 


iV 


H 


11 


11 




10 


110 




H 


« 


iV 


it 


12 


12 




10 


120 




H 


H 


iV 


il 


13 


13 




10 


130 




H 


H 


A 


i* 


14 


14 




10 


140 




H 


H 


tV 


it 


15 


15 




10 


150 




« 


H 


tV 


if 


16 


16 




10 


160 




H 


H 


^ 


i* 


17 


17 




10 


170 




H 


it 


tV 


H 


18 


18 




10 


180 




n 


« 


tV 


if 


19 


19 




10 


190 




H 


H 


1^ 


if 


20 


20 




10 


200 




U 


M 


A 


If 


21 


21 




10 


210 




n 


H 


A 


H 


22 


22 




10 


220 




H 


« 


tSr 


H 


23 


23 




10 


230 




H 


H 


W 


H 
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Ko. of 

tbo 

Case. 


Weight of A In 
pounds. 


Weight of B In 
pounds. 


> 

10 


a 
240 




Velocity of A 
after coUlsioc. 


JI 

cC a 

O ft o 

H 


• 

Momentum of 
n after col- 
lision. 


Velocity of B 
after collision. 


24 


24 






if 


^ 


If 


25 


25 




10 


250 




}* 


H 


A 


n 


26 


26 




10 


260 




n 


H 


^ 


n 


27 


27 




10 


270 




n 


II 


^ 


H 


28 


28 




10 


280 




a 


n 


A 


II 


29 


29 




10 


290 




II 


H 


^ 


II 


30 


30 




10 


300 




ij 


n 


V<r 


H 


31 


31 




10 


310 




M 


II 


^ 


It 


32 


32 




10 


320 




u 


li 


A 


H 


S3 


33 




10 


330 




If 


H 


is 


II 


U 


34 




10 


340 




n 


If 


A- 


If 


35 


35 




10 


350 




a 


H 


iV 


II 


36 


36 




10 


360 




n 


U 


A- 


II 


37 


37 




10 


370 




II 


n 


ir 


H 


38 


38 




10 


380 




n 


a 


A 


II 


39 


39 




10 


390 




II 


II 


1^ 


II 


40 


40 




10 


400 




n 


u 


iV 


fl 


41 


41 




10 


410 




n 


fi 


A- 


«■ 


42 


42 




10 


420 




H 


H 


A 


fl 


43 


43 




10 


430 




n 


if 


A 


fl 


44 


44 




10 


440 




if 


ff 


A 


ff 


45 


45 




10 


450 




H 


H 


A 


fl 


46 


46 




10 


460 




n 


n 


A 


fl 


47 


47 




10 


470 




i} 


fi 


^ 


fl 


48 


48 




10 


480 




a 


H 


A 


n 


49 


49 




10 


490 




fi 


« 


A 


fl 
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TABLE m—Cmtinued. 



Ifo. of 

the 

CaM. 


a 

si 
U 
I 

50 


a 

i 


llli 

> 


500 




Velocity of A 
after coUUlou. 


il 

ECS 

0'<S 


il 

ill 

X 


Velocity of B 
after coUlalou. 


50 




10 




H 


18 


ih 


18 


51 


51 




10 


510 




n 


n 


ih 


H- 


52 


52 




10 


520 




n 


u 


w 


If 


53 


53 




10 


530 




II 


II 


Vr 


II 


54 


54 




10 


540 




a 


If 


A 


II 


55 


55 




10 


550 




H 


II 


W 


H 


5G 


56 




10 


560 




H 


II 


^ 


H 


57 


57 




10 


570 




U 


n 


Vt 


H 


58 


58 




10 


580 




n 


II 


■h 


II 


59 


59 




10 


590 




II 


{i 


if 


H 


60 


60 




10 


600 




n 


II 


Vir 


H 


61 


61 




10 


610 




11 


n 


iV 


H 


62 


62 




10 


620 




u 


1^ 


it 


n 


63 


63 




10 


630 




II 


II 


A 


II 


64 


64 




10 


640 




n 


II 


il 


H 


65 


65 


1 


10 


650 




II 


II 


if 


II 


66 


66 




10 


660 




II 


n 


if 


H 


67 


67 




10 


670 




Vf 


n 


if 


n 


68 


68 




10 


680 




II 


a 


is 


H 


69 


69 




10 


690 




M 


n 


if 


H 


70 


70 




10 


700 




H 


n 


if 


H 


71 


71 




10 


710 




« 


n 


Vr 


H 


72 


72 




10 


720 




H 


n 


if 


H 


73 


73 




10 


730 




H 


H 


if 


H 


74 


74 




10 


740 




H 


H 


it 


H 


75 


75 




10 


750 




H 


H 


if 


H 
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Ho. of 

tiM 

Cm*. 


a 
< . 

II 

76 




Velocity of A 
before colli- 
sion In feet 
per second. 


11 

o't a 




Veloclly of A 
sfUr colUilon. 


«» * o 


Momentum of 
B after col- 
lUion. 


Velocity of B 
after colUslo:;. 


76 


10 


760 




H 


Vr 


H 


77 


77 




10 


770 




n 


n 


Vr 


n 


78 


78 




10 


780 




u 


H- 


tV 


H 


79 


79 




10 


790 




H 


n 


^ 


n 


80 


80 




10 


800 




u 


n 


iif 


u 


81 


81 




10 


810 




n 


n 


kS- 


M 


82 


82 




10 


820 




u 


u 


W 


u 


83 


83 




10 


830 




n 


II 


A 


II 


84 


84 




10 


840 




H 


« 


if 


u 


85 


85 




10 


850 




H 


n 


A 


II 


86 


86 




10 


860 




U 


n 


^ 


It 


87 


87 




10 


870 




M 


n 


^T 


1} 


88 


88 




10 


880 




n 


u 


W 


II 


89 


89 




10 


890 




M 


n 


i. 


M 


90 


90 




10 


900 




n 


u 


V^r 


II 


91 


91 




10 


910 




n 


\t 


Vr 


If 


92 


92 




10 


920 




u 


u 


^ 


II 


93 


93 




10 


930 




H 


» 


^ 


II 


94 


94 




10 


940 




« 


u 


ir 


U 


95 


95 




10 


950 




H 


n 


■h 


H 


96 


96 




10 


960 




U 


u 


^ 


U 


97 


97 




10 


970 




M 


M 


tV 


« 


98 


98 




10 


980 




« 


« 


■h 


II 


99 


99 




10 


990 




*l 


n 


■h 


M 


100 


100 




10 


1000 




m 


m 


lio 


m 



SECTION IL] 



TABLE IV. 



CCLASS IL 



No. of 

the 

Case. 


i 

Weight of A in 
pounds. 


Weight of B In 
pound!. 


Velocltr of A. 
befora colli* 
slon In fe«t 
per eecond. 


! Bf ementmn cf 
A befove col- 
lision. 


» 


Velocity of A 
after collslon. 


Momentum of 
A after col- 
lision. 


Momentum of 
B after col- 
lision. 


Velocity of B 
after collision. 


1 


3 


2 


10 


30 




i 


i 






2 


4 


2 


10 


40 




i 


i 






3 


5 


2 


10 


50 




* 


1 






4 


6 


2 


10 


60 




♦ 


♦ 






5 


7 


2 


10 


70 




* 


* 






6 


8 


2 


10 


80 




* 


* 




t 


7 


9 


2 


10 


90 




i 


* 




♦ 


8 


10 


2 


10 


100 




T».r 


A 


A 


H 


9 


11 


2 


10 


110 




A 


A 


A 


H 


10 


12 


2 


10 


120 




H 


H 


A 


H 


11 


13 


2 


10 


130 




H 


H 


A 


H 


12 


14 


2 


10 


140 




H 


H 


A 


H 


13 


16 


2 


10 


150 




H 


« 


A 


it 


14 


16 


2 


10 


160 




U 


i* 


A 


H 


15 


4 


3 


10 


40 




1 


i 


f 


i 


16 


5 


3 


10 


50 




1 


f 


* 


* 


17 


6 


3 


10 


60 




i 


♦ 


♦ 


♦ 


18 


7 


3 


10 


70 




4 


4 


* 


* 


19 


8 


3 


10 


80 




i 


i 


f 


f 


20 


9 


3 


10 


90 




* 


4 


♦ 


* 


21 


10 


3 


10 


100 




A 


A 


A 


H 


22 


11 


3 


10 


110 




A 


A 


A 


H 


23 


12 


3 


10 


120 




A 


A 


A 


H 
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Ko. of 

tho 

Caae. 


Vclfht of A to 


Weight of B in 
pounds. 


Velocity of A 
brfure coUI- 
bIoii In feet , 
per second. 1 


Momentum of 
A iK-fore col- 




Velocity of A 
after collision. 


Momentum of 
A after col- 
llsion. 


= s 
II g 

a— 


Velocity of B 
after eoUlalon. 


24 


13 


3 


10 


130 




« 


H 


A 


« 


25 


14 


3 


10 


140 




« 


H 


A 


H 


26 


15 


3 


10 


150 




H 


H 


A 


H 


27 


16 


3 


10 


160 




U 


H 


A 


« 


28 


5 


4 


10 


50 




i 


* 


i 


* 


29 


6 


4 


10 


60 




i 


i 


i 


* 


30 


7 


4 


10 


70 




f 


* 


4 


4 


31 


8 


4 


10 


80 




t 


i 


t 


1 


32 


9 


4 


10 


90 




* 


i 


♦ 


* 


33 


10 


4 


10 


100 




A 


A 


A 


« 


34 


11 


4 


10 


110 




A 


A 


A 


i+ 


35 


12 


4 


10 


120 




A 


A 


A 


« 


36 


13 


4 


10 


130 




A 


A 


A 


H 


37 


14 


4 


10 


140 




H 


n 


A 


i* 


38 


15 


4 


10 


150 




H 


H 


A 


H 


89 


16 


4 


10 


160 




H 


H 


A 


« 


40 


6 


5 


10 


60 




i 


i 


* 


* 


41 


7 


5 


10 


70 




f 


* 


f 


* 


42 


8 


5 


10 


80 




f 


t 


1 


f 


43 


9 


5 


10 


90 




♦ 


♦ 


* 


* 


44 


10 


5 


10 


100 




A 


A 


A 


H 


45 


11 


5 


10 


110 




A 


A 


A 


H 


46 


12 


5 


10 


120 




A 


A 


A 


W 


47 


13 


5 


10 


130 




A 


A 


A 


« 


48 


14 


5 


10 


140 




A. 


A 


A 


H 


49 


15 


5 


10 


150 




H 


H 


A 


H 
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No. of 

the 

Case. 


poundi. 


a 
Si 

4* 


> 
10 


UomeDtum of 
A befora ool- 
lUlon. 




Vflodty «f A 


Momentum of 
A after ool- 
Union. 


1 


• 

i 


50 


16 


5 


160 




H 


« 


A 


« 


51 


7 


6 


10 


70 




+ 


+ 


f 


1 


52 


8 


6 


10 


80 




f 


1 


t 


f 


53 


9 


6 


10 


90 




♦ 


« 


* 


* 


54 


10 


6 


10 


100 




A 


A 


A 


« 


55 


11 


6 


10 


110 




A 


A 


A 


H 


5A 


13 


6 


10 


120 




A 


A 


A 


H 


57 


18 


6 


10 


130 




A 


A 


A 


H 


58 


14 


6 


10 


140 




A 


A 


A 


H 


69 


15 


6 


10 


150 




A 


A 


A 


H 


60 


16 


6 


10 


160 




U 


H 


A 


tt 


61 


8 


7 


10 


80 




i 


i 


1 


t 


62 


9 


7 


10 


90 




f 


\ 


i 


♦ 


63 


10 


7 


10 


100 




A 


A 


A 


« 


64 


11 


7 


10 


110 




A 


A 


A 


« 


65 


12 


7 


10 


120 




A 


A 


A 


« 


66 


13 


7 


10 


130 




A 


A 


A 


« 


67 


14 


7 


10 


140 




A 


A 


A 


H 


68 


15 


7 


10 


150 




A 


A 


A 


rt 


69 


16 


7 


10 


160 




A 


A 


A 


H 


70 


9 


8 


10 


90 




i 


i 


* 


* 


71 


10 


8 


10 


100 




A 


A 


A 


H 


72 


11 


8 


10 


110 




A 


A 


A 


H 


73 


12 


8 


10 


120 




A 


A 


A 


« 


74 


18 


8 


10 


130 




A 


A 


A 


H 


75 


14 


8 


10 


140 




A 


A 


A 


H 
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Ho. of 

the 

Case. 


WelfM of A In 


5 . 
SI 


c w a 
B 9. 

> 


llomentum of 
A Iwfore col- 




Velocity of A 
after collision. 


Momentum of 
A after col- 
lision. 


Momentum of 
B after col- 
lision. 


Velocity of B 
after collision. 


76 


15 


8 


10 


150 




A 


A 


A 


ii 


77 


16 


8 


10 


160 




A 


A 


A 


H 


78 


10 


9 


10 


100 




A 


A 


A 


H 


79 


11 


9 


10 


110 




A 


A 


A 


ii- 


80 


12 


9 


10 


120 




A 


A 


A 


if 


81 


13 


9 


10 


130 




A 


A 


A 


il 


82 


14 


9 


10 


140 




A 


A 


A 


H 


83 


15 


9 


10 


150 




A 


A 


A 


H 


84 


16 


9 


10 


160 




A 


A 


A 


i* 


85 


11 


10 


10 


110 




A 


A 


H 


ii- 


86 


12 


10 


10 


120 




A 


A 


H 


H 


87 


13 


10 


10 


130 




A 


A 


if 


ii 


88 


14 


10 


10 


140 




A 


A 


i* 


H 


89 


15 


10 


10 


150 




A 


A 


i* 


H 


90 


16 


10 


10 


160 




A 


A 


« 


« 


91 


12 


11 


10 


120 




A 


A 


i+ 


H 


92 


13 


11 


10 


130 




A 


A 


H 


H 


93 


14 


11 


10 


140 




A 


A 


H 


H 


94 


15 


11 


10 


150 




A 


A 


H 


H 


95 


16 


11 


10 


160 




A 


A 


H 


H 


96 


13 


12 


10 


130 




A 


A 


« 


H 


97 


14 


12 


10 


140 




A 


A 


if 


H 


98 


15 


12 


10 


150 




A 


A 


i* 


H 


99 


16 


12 


10 


160 




A 


A 


i* 


H 


100 


17 


12 


10 


170 




A 


A 


i4 


H 



42 LAWS OF MOTION. 



SECTION III. 

DEVOTED TO THE ENUNCIATION OF THE LAW8 WHICH DRTBB- 
MINK THE RllBULTS OF COLLISION IN THE THIRD CLASS OF 
CASES ; WHICH CONSISTS OF THOSE IN WHICH THE WEIGHT 
OF A IS EQUAL TO THE WEIGHT OF B, AND IN WHICH B, 
AT THE TIME OF COLLISION, 13 MOVING FOBWAKD IN THE 
SAME RIGHT LINE AS THAT IN WHICH A 16 MOVING, BUT, OF 
COUESE, WITH A VELOCITY LESS THAN THAT OF A. 

In every case belonging to this class, the results of 
collision will be determined by the following laws : — 

Law 1. A will continue to move in the same line that 
it moved in before collision. Both the velocity and 
momentum of A, — as compared with the velocity and mo- 
mentum of A before collision, — will be proportional to 
the ratio of the velocity of B to the velocity of A before 
collision. 

Law 2. The momentum of B will consist of two parts. 
One part, — as compared with the momentum of A before 
collision, — will be proportional to the diflTerenoe between 
the respective velocities of A and B before collision. 
The other part will be equal to the momentum of B 
before collision. 

Law 3. The vel(X)ity of B will consist of two parts. 
One part, — as compared with the velocity of A before 
collision, — will be proportional to the difference between 
the respective velocities of A and B before collision. 
The other part will be equal to the velocity of A before 
collision. 
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' These laws will givL- the r(?sults in terms of tlie velocity 
'«f A before collision; and tlie results may all bo ex- 
pressed by three fractional numbers; namely, that which 
oxpn'sses th.} ratio of the velocity of B to the velocity of 
L before collision ; that which ('Xpre9s<.'3 the difference 
letween the respective velocities of A and B before co]- 
blon ; and that wliich expresses the sum of the ratio 
tnd difference of tliose velocities. 

In case No, 1. of tbi* following table, for example, the 

velocity of A, before collision, is 3tt feet per second, and 

tho weight of A is 10 ponnda. Hence the momentiun of 

A, before collision, ia put down in the table as 360. The 

velocity of B, liefore collision, is 35 feet per second, and 

the weight of B ia 10 pounds. Hence the momentum 

of B, before collision, is put down in the table as 350. 

^^Ajid hence the joint momentum of A and B is 710; which 

^^B'the amount that is to be accounted for, after collision, 

^^Hjt'Case No. I. 

^^V'Now, acconling to Law 1, both the velocity and mo- 

^Hbentum of A. — as compared with wliat they were before 

^^Sollision, — will be proportional to the ratio of tlie velocity 

of B to the velocity of A before collision. In case No. 

I, that ratio is jiJ, Hfiice, both the velocity and mtn 

mentnni of A, after collision, are put down in the table 

■ fl ; and the meaning of it is, that the velocity of A 

ill be equal to thirty-live thirty-sixths of what it was 

fere collision : that is, equal to thirty-fivB thirty -sixths 

t 86 feet per second ; and that the momentum of A will 

B equal to thirty-live tliirty-sixlhs of what it was before 

collision : that is, equal to thirty-five thirty-sixths of 



According to Law 2, the momentum of B will consist 
(two parts. One jmrt, — as comjwired with the niomen- 
i of A befori' collision,— will be proportional to the 
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difference between the respective velocities of A and B 
before collision ; and the other part will be equal to the 
momentum of B before collision. In case No. 1, the 
difference between the respective velocities of A and B 
is |JV» ^^d the momentum of B, before collision, is equal 
to IJ. Hence the momentum of B, after collision, is put 
down in the table as ^ A + f J B ; and the meaning of 
it is, that one part will be equal to one thirty -sixth of 
the momentum which A had before collision: that is, 
equal to one thirty -sixth of 3C0 ; and that the other part 
will be equal to thirty-six thirty-sixths of the momentum 
which B had before collision : that is, equal to thirty- 
six thirty-sixths of 350. Hence, the whole momentum 
of B will be equal to 360 ; and as the momentum of A, 
in this case, was equal to 3fi0, the joint momentum of A 
and B is equal to 710 : which is equal to their joint mo- 
mentum before collision. 

According to Law 3, the velocity of B will consist of 
two parts. One part, — as compared with the velocity of 
A, before collision, —will be proportional to the difference 
between the respective velocities of A and B before col- 
lision ; and the other part will be equal to the velocity 
of B before collision. In case No. 1, the difference be- 
tween the respective velocities of A and B before col- 
lision is ^ ; and the velocity of B, before collision, 
is equal to 3|. Hence the velocity of B. after col- 
lision, is put down in the table as ^V -^ + M ^ 5 ^^^ 
the meaning of it is, that one part will be equal to one 
thirty-sixth of the velocity which A had before collision : 
that is, equal to one thirty-sixth of 36 feet per second ; 
and that the other part will be equal to thirty-six 
thirty-sixths of the velocity which B had before col- 
lision: that is, equal to thirty-six thirty-sixths of 35 
feet per second. 
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Now, whatever may be the respective weights and 
velocities of A and B, before collision, the laws above 
enunciated will hold good in every case in which the 
weight of A is equal to the weight of B, and in which 
B, at the time of collision, is moving forward in the same 
right line as that in which A is moving, with a velocity 
less than that of A. 
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SECTION IV. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETER- 
MINE THE BESCLTS OF COLLISION IN THE FOURTH CLASS OF 
cases; which consists op those in WHICH THE WEIGHT 
OF A IS LESS THAN THE WEIGHT OP B, AND IN WHICH 
B, AT THE TIME OP COLLISION, IS MOVING FORWARD IN 
THE SAME RIGHT LINE AS THAT IN WHICH A IS MOVING, 
WITH A VELOCny LESS THAN THAT OF A. 

In every case belonging to this class, the results of col- 
lision will be detennined by the following Laws : 

Law 1. A, after collision, will have a velocity in two 
directions ; namely, one in the direction in which it moved 
before collision, and one in direct opposition to that. The 
velocity of A in its given direction, — ^as compared with its 
own velocity before collision, — will be proportional to the 
ratio of the velocity of B before collision to the velocity 
of A before collision. The velocity of A in opposition 
to its given direction, — as compared with its own ve- 
locity before collision, — will be proportional to the 
difference between the respective weights of A and 
B, minus a quantity proportional to the ratio of the 
velocity of B before collision to the velocity of A before 
collision. 

Law 2. The momentum of A, in the given direction 
of A, — ^as compared with the momentum of A before col- 
lision, — will be proportional to the ratio of the velocity 
of B before collision to the velocity of A before collision. 
The momentum of A in opposition to the given direction 
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-as compared with the momenti'm of A beforo col- 
— will bt! proportional to the difference between 
ho FFspcotivf; weiglita of A and B, minus a quantity pro- 
lonional to ilio ratio of the velocity of B before collision 
1 the Telocity of A before collision. 
I Law 3. B will continue to move in its own given 
^etion. 'Hie momentum of B will consist of two parts, 
toe part, — as coniparcd with the momentum of A before 
illiaion, — will be proportional to tlie ratio of tlie weight 
r A to the weight of B, minus a quantity proportional to 
i ratio of the velocity of B before collision to the velo- 
l^ty of A before coUision. The otlier part will be equal 
5 the momentum of B before collision. 
[ Law 4. The velocity of B will consist of two parts, 
e part, — as compared with the velocity of A before col- 
teinn, — will bf> proportional to the square of the ratio of 
the weight of A \o the weight of B, njinns a quantity pro- 
portional to the square of the riitio of the velocity of B 
lefore collision to tlie velocity of A before collision. The 
JHier part will be eqnal to the velocity of B before 
Ktllision. 

r These Laws will give tlie results of collision in terms of 
■I'iglit of B, and the velocity of A before collision, 
nd the results may all be expressed by four fractional 
nbera ; namely, tliut which expresses the ratio of the 
ght of A to the weight of B ; that which expresses 
! difference between tlie respective weights of A and 
; that which expresses the sum of the mtio and differ- 
hce of the weiglits of A and B ; and that which expresses 
B ratio of llie velocity of B before collision to the velo- 
r of A before collision. 
■In c^ase No. 5, of the following Table, for example, the 
leijiht of A is 2 pounds, and tlie velocity of A before 
lieion ten feet per second. Hence, the momentum of 
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A, before collision, is put down in tlie Table as 20. The 
weight of B is 6 pounds, and the velocity of B is 2 feet 
per second. Hence, the momentum of B, before collision, 
is put down in the Table as 12 ; and the joint momentum 
of A and B as 32 : which is the amount of the momentum 
that is to be accounted for after collision. 

Now, according to Law 1, the velocity of A in its own 
given direction, — as compartd with its own given velo- 
city before collision, — will be proportional to the ratio 
of the velocity of B before collision to the velocity of A 
before collision. In case No 6, that ratio is ^. Hence, 
the velocity of A in its own given direction is put down 
in the Table as ^V -^ 5 ^^^ t^^^ meaning of it is, that it will 
be equal to two tenths of the velocity which A had before 
collision: that is, equal to two tenths of ten feet per 
second. According to the same Law, the velocity of A, 
in opposition to its own given direction, — as compared 
with its own velocity before collision, — will be propor- 
tional to the diflTerence between the respective weights of 
A and B, minus a quantity proportional to the ratio of 
the velocity of B before collision to the velocity of A be- 
fore collision. In case No. 6, the difference between the 
weights is j, and the ratio of the velocities ^. Hence, 
the velocity of A after collision, in opposition to its own 
given direction, is put down in the table as f A— .^^j^ ; and 
the meaning of it is, that it will be equal to four sixths 
of the velocity which A had before collision, minus two 
tenths of four sixths: that is, equal to four sixths of 
10 feet per second : equal to 6^ feet. Hence, the whole 
velocity of A in bath directions will hd equal to 7J feet 
per second. 

According to Law 2, the momentum of A in the given 
direction of A, — as compared with the momentum of A 
b^»fore collision, — will be proportional to the ratio of the 
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Wocity of B before collision to tbe velocity of A liefore 
lOllisioii, In rase No. 5. that ratio is -^. Henct', the 
tomentoni of A, in opposition to t!ie givi-n direction of 
^, is put down in tin* table as ^ A ; and the meaning of 
I is. that it will be equal to two tenths of the monientum 
jrbich A had before collision : that is, equal to two- 
aiths of 20; equal to 4. According to the same Lair, 
^e momentum of A, in opposition to the given direction 
r A,— ^as compared with the momentum of A before eol- 
— will be proportional to the difference between the 
respective weights of A and B. minus a quantity propor- 
tional to the ratio of the velocity of Ji before collision to 
the velocity of A befon' rollision. In case No. 5, tlie 
ffereiiee between the weights is J, and the ratio of 
a velocities ^. Hence, the momentum of A, in oppo- 
Btion to the given direction of A, is put down in the 
pible as 4 A — 3^ ; and Ihe meaning of it is, that it will 
B pqnftl ti» four sixths of the momentum which A had 
ji>fore collision, minus two tenths of four sixths: that 
I equal to four sixths of 20: equal to lOJ. And, as 
L had a momentum equal to 4, in the other direction, 
lie whole momentum of A after collision will be equal 

► According to Law .'S, one part of the momentum of B, 
tor collision, — as compared with the momentum of A 
store collision, — will be proportional to the ratio of the 
eight of A to the weight of B. minus a quantity pro- 
lortional to the ratio of the velocity of B before collision 
I the velocity of A before colli:^ion. The other part will 
e equal to the momentum which B had before collision. 
^ case No. 5. the ratio of the weights is J ; the ratio of 
! velocities T*|( ; and tlie momentum of B before col- 
bion J. Hence, the momentum of B, after collision, is 
^tit dowJi in the table as | A — -j^j + j B. The meaning 
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of the f A — -j^, is, that one portion of the momentum of 
B will be equal to two sixths of the momentum which A 
had before collision, minus two tenths of two sixths: 
that is, equal to two sixths of 20, minus two tenths of 
two sixths of 20: equal to 5^. The meaning of the f B 
is, that the other portion will be equal to six sixths of 
the momentum which B had before collision ; that is, 
equal to six sixths of 12. Hence, the whole momentum 
of B after collision will be equal to 17^ ; which, added 
to the momentum of A, 14f, will make 32: which is 
equal to the whole of the momentum that was to be 
accounted for after collision. 

According to Law 4, one part of the velocity of B 
after collision, — as compared with the velocity of A 
before collision, — will be proportional to the square of 
the ratio of the weight of A to the weight of B, minus a 
quantity proportional to the ratio of the velocity of B 
before collision to the velocity of A before collision. 
And the other part will be equal to the velocity of B 
before collision. In case No. 5, the ratio of the weights 
is f ; the ratio of the velocities ^^^ ; and the velocity of 
B|. Hence, the velocity of B after collision, is put 
down in the table as f A^ — Ai + f B. The meaning of 
the f A- — ^0^, is, that one part will be equal to four 
thirty-sixths of the velocity which A had before collision, 
minus two tenths of four thirty-sixths : that is, equal to 
four thirty-sixths of 10 feet per second, minus two tenths 
of four thirty-sixths of 10 feet: equal to eight ninths of 
one foot per second. The meaning of the f B is, that the 
other part will be equal to six sixths of the velocity 
which B had before collision : that is, equal to six sixths 
of 2 feet per second. Hence, the whole velocity of B 
will be equal to 2| feet per second. 

Now, whatever may be the weight of A, or the weight 
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of B ; or whatever may be the velocity of A, or the 
velocity of B before collision ; tlie Laws above enun- 
ciated will hold good in every case in which the weight 
of A is less than the weight of B ; in which the velocity 
of B is less than the velocity of A ; and in which B, at 
the time of collision, is moving forward in the same right 
line as that in which A is moving. 
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SECTION V- 

DEVOTED TO THE ENITNCIATION OF THE LAWS WHICH DETEE- 
MINE THE BE8ULTB OF COLLISION IN THE FIFTH CLASS 
OF CASES ; WHICH CONSISTS OF THOSE IN WHICH THE WEIGHT 
OF A IS OEEATEB THAN THE WEIGHT OF B, AND IN WHICH 
B, AT THE TIME OF COLLISION, IS MOVING FORWARD IN 
THE SAME BIGHT LINE AS THAT IN WHICH A IB MOVING, 
WITH A VELOcmr LESS THAN THAT OF A. 

In every case belonging to this class, the results of col- 
lision will be determined by the following Laws : 

Law 1. A will move in the same direction after as be- 
fore collision. The velocity of A will consist of two 
parts. One part,— -as compared with the velocity of A 
before collision, — will be proportional to the diflTerence 
between the respective weights of A and B. The other 
partj — as compared with the velocity of B before col- 
lision, — will be proportional to the ratio of the weight 
of B to the weight of A. 

Law 2. The momentum of A will consist of two parts. 
One part, — as compared with the momentum of A before 
collision, — will be proportional to the difference between 
the respective weights of A and B. The other part will 
be equal to the momentum of B before collision. 

Law 3. The momentum of B, after collision, — as com- 
pared with the momentum of A before collision, — will 
be proportional to the ratio of the weight of B to the 
weight of A. 

Law 4. The velocity of B, after collision, will be equal 
to the velocity of A before collision. 
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8 will givp the results of collision in terms of 
weight of A ; and the results, in each and every case, 
may nil be expressed by three fractional numbers ; 
nanifly, that which expresses the ratio of the weight of 
B to the weight of A ; that whiuh expresses the difference 
between the respective weights of A and B; and that 
which expresses the sum of the ratio and ditference of 
the respective weights of A and B. 

In cas<' No. 6, of the following Table, for example, the 
weight of A is 10 pounds, and the given velocity of A is 
10 feet pT second. Hence, the momentum of A, before 
coUisiiiii. in put down in the Table as IdO. The weight 
of B is C pounds; and the given velocity of B is 6 feet 
per second. Hence, the momentum of B, before collision, 
is put down in the Table as 36 ; and the Joint momentum 
of A and B as 1 36 ; which is the amount of the momen- 
ttim that is to be accounted for after collision, ia case 
^o. 6. 

ow, according to Law 1, one part of the velocity of 
;er collision,— as compared with the velocity of A 

ire collision, — will be proportional to the difference 

■Iwtween the respective weights of A and B; and the 
other part, — as compared with the velocity of B before 
collision. — will be proportional to the ratio of the weight 
of B to the weight of A. In case No. 6, the difference 
between the weights is -^, and the ratio of the weight of 
B to the weight of A is iV- Hence, the velocity of A, 
after collision, is put down in the Table as -^A + ^'^B. 
The meaning of the i^jA, is, that one i>art will be equal to 
four tenths of the velocity which A had before collision : 
that is, equal to four tenths of 10 feet per second. The 
meaning of the -j'oB, is, that the other part will be equal 
to six tenths of the velocity which B had before collision : 
that is, "qoal to six tenths of six feet per second. Now, 
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four tenths of 10 feet are equal to 4 feet ; and six tenths 
of 6 feet are equal to 3^^ feet. Hence, the whole velocity 
of A after collision, in case No. 6, will be equal to 7^^ 
feet per second. 

According to Law 2, one part of the momentum of A, 
after collision, — as compared with the momentum of A 
before collision, — will be proportional to the difference 
between the respective weights of A and B; and the 
other part equal to the momentum of B before collision. 
In case No. 6, the difference between the weights is ^j 
and the momentum of B is fj^. Hence, the momentum 
of A, after collision, is put down in the Table as 
T^A -f HB- The meaning of the -^A, is, that one part 
will be equal to four tenths of the momentum which A 
had before collision : that is, equal to four tenths of 100. 
The meaning of the |^B, is, that the other part will be 
equal to ten tenths of the momentum which B had before 
collision : that is, equal to ten tenths of 86. Now, four 
tenths of 100 are equal to 40, and ten tenths of 36 are 
equaf to 36. Hence, the whole momentum of A, after 
collision, will be equal to 76. 

According to Law 3, the momentum of B after colli- 
sion, — as compared with the momentum of A before col- 
lision, — will be proportional to the ratio of the weight 
of B to the weight of A. In case No. 6, that ratio is ^. 
Hence, the momentum of B after collision, is put down 
in the Table as -^A ; and the meaning of it is, that it 
will be equal to six tenths of the momentum which A 
had before collision : that is, equal to six tenths of 100 : 
equal to 60. 

According to Law 4, the velocity of B after collision 
will be equal to the velocity of A before collision. Hence, 
the velocity of B is put down in the Table as |^A, and 
the meaning of it is, that it will be equal to ten tenths of 
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the velocity which A had before collision : that is, equal 
to ten tenths of ten feet per second. 

Now, whatever may be the weight of A, or the weiglit 
of B ; or whatever may be the velocity of A, or the velo- 
city of B, before collision ; the Laws above enunciated 
will hold good in every case in which the weight of A is 
greater than, or equal to, the weight of B ; and in which 
B, at the time of collision, is moving forward in the same 
right line as that in which A is moving, with a velocity 
less than that of A. 
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SECTION VI. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETEB- 
HINE THE BE8DLTS OF COLLISION IN THE SIXTH CLASS OF 
cases; WHICH CONSISTS OF THOSE IK WHICH THE WEIGHT 
OF A IS EQUAL TO THE WEIGHT OF B, AND IN WHICH 
B, AT THE TIME OF COLLISION, IS HOTING IN THE SAME 
BIGHT LINE AS THAT IN WHICH A IS MOVING, BUT IN AN 
OPPOSITE DIRECTION. 

In every case belonging to this class, the results of col- 
lision will be determined by the following Laws : 

Law 1. A will be reflected back, from the point of col- 
lision, in the same line that it moved in before collision. 
The velocity and momentum of A, after collision, will be 
equal to the given velocity and momentum of B before 
collision. 

Law 2. B will be reflected back, from the point of col- 
lision, in the same line that it moved in before collision. 
The velocity and momentum of B, after collision, will be 
equal to the given velocity and momentum of A before 
collision. 

The cases belonging to this class are all included in 
the Seventh, and also in the Eighth class ; and they be- 
long with equal propriety to each of them. They form 
the connecting link between those two classes, and there- 
fore come under the Laws of both. But as they may also 
be regarded as forming a class by themselves, separate 
Laws have been assigned to them. 
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SECTION yii, 

PTEO TO THE EKL'HaATION OF TI1E LAWS WHICH DETKR- 
t THK HEaiTLTB OF COLLISION IN THE HEVENTH CLASS 

OF CASES ; wmcn cokbibib ct those ih wdich the 

WEIOHT OF A IS EQUAL TO, OK LESS THAN, THE WEIGHT 
OF B, AKD IS WHICH B, AT THE TQIE OF C0U.I8ION, 18 
HllTIKO IN THE SAUK RIGHT LINK AS THAT IN WHICH A 
IS MOVING, BUT IN AN OFPOBITK DIEECTION, 



>ry case belonging to this class, the results of col- 
ill be determined by the following Laws ; 

Law I, A \viU be reflected back, from the point of col- 
lision, in the sunie line that it moved in before collision. 
The velocity of A will consist of two parts. One part, — as 
compared with the Telocity of A before collision, — will 
be projtortional to the dilFerence between the respective 
weights of A and B. Tlie other part will be equal to the 
Telocity of B before collision. 

Law 2. The momentum of A, after collision, will con- 
sist of two parts. One part, — as compared with the 
momentum of A before collision, ^will be proportional to 
the diftV;rencB between the respective weights of A and B. 
The other part, — as compared with the momentum of B 
bttfore collision, — will be proportional to the ratio of the 

Bht of A to the iveight of B. 
,W 3. The momentum of B in the given direction of 
as comytarcd with the momentum of A before colli- 
rfon, — will !>!• pr()portional to the ratio of the weight of 
A to the weight of B. The momentum of B, in the given 
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direction of B, — as compared with the momenttim ( 
before collision, — will ha proportional to the diffei 
"between the reBpective weights of A and B, 

Law 4. B will have a velocity in tlie given diivction 
of A, which,— as compared with the velocity of A before 
collision, — will l>e proportional to the square of the ratio 
of the weight of A to the weight of B. B will also have 
a velocity in its own given direction, which, — as com- 
pared with the velocity of B before collision, — will be 
proportional to ttiH difference between the respective 
weights of A and B. 

These Laws will give the results of collision in terms 
of the weight of B ; and the results may all be expres8t?d 
by four fractional numbers ; namely', that wliich ex- 
presses the ratio of the weight of A to the weight of B ; 
that which expresses the difference between the respective 
"weights of A and B ; tliat which expresses the sum of the 
ratio and diffefence of the weights; and that which ex- 
presses the square of the ratio of the weight of A to the 
weight of B, 

In case No. C, of the following Table, for example, the 
weight of A is 2 pounds, and the velocity of A, before 
collision, 5 feet per second. Hence, the momentum of 
A before collision, is pat down in the Table as 10. The 
weight of B is 6 pouiiJe, and the velocily of B, Itefore 
collision, is Ifl feet per second. Hence, the momentum 
of B, before collision, is put down in the Table as 60 ; and 
the joint momentum of A and B as 70: which is the 
amount of the momentum that is to be accounted for after 
collision, in case No. fi. 

Now, according to Law 1, one part of the velocity of 
A after collision,— as compared with the velocity o f ^ 
before collision, — will be proportional lo the dilTerenci 
tweeu the respective weights of A and li ; and the t 
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part equal to the velocity of B before collision. In case 
N"o. 5. the diffiTPiict' t)etween tlie weights is J, and the 
velocity uf 15 is J. Hence, the vclo<;ity of A after colli- 
sion, is put down in the Table as |A + JB. The mean- 
of tile f A, is, tliat one part will be equal to four sixths 
the velocity which A had before collision : that is, 
Hal to fonr sixths of 15 feet per second. The meaning 
the J B is, that the other part will be equal to six 
sixths of the velocity which B had before collision : that 
is, equal to six sixths of 10 feet per second, 

AcL'ordinfi to Law 3, one part of the momentum of A, 
after collision, — as compared with tlie momentum of A 
before collision.^will be proportional to the dififereuce 
between the respective weights of A and B ; and the 
other part, — as compared with the momeutuni of B be- 
fore collision,-^ will be proportional to the ratio of the 
weight of A to the weight of B. In case No. 5, the dif- 
ference between the weights is J, and the ratio of the 
■eight of A to the weight of B is |, Hence, the momen- 
of A after collision, is put down in the table as 
■ |B, The meaning of the }A, is, that one part will 
be equal to four sixths of the momentum which A had 
before collision : that is, equal to four sixths of 10. The 
meaning of the JB is, that the other part will be equal 
to two sixths of the momentum which B had before col- 
lision : that ia, equal to two sixths of GO. 
According to Law 3, B, after collision, will have a 
imentnm, in the given direction of A, which,^ — as com- 
'd with the momentum of A before collision. — will 
be proportional to the ratio of the weight of A to the 
weight of B ; and a momentum in the given direction of 
B, which, — as compared witli the momentum of B before 
ision. — will be proportional to the differeuce between 
respective weights of A and B. In case No. 5, the 
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direction of B, — as compared with the momentum of B 
before collision,— will be proportional to the difference 
between the respective weights of A and B. 

Law 4. B will have a velocity in the given direction 
of A, which, — as compared with the velocity of A before 
collision, — will be proportional to the square of the ratio 
of the weight of A to the weight of B. B will also have 
a velocity in its own given direction, which, — as com- 
pared with the velocity of B before collision, — will be 
proportional to the difference between the respective 
weights of A and B. 

These Laws will give the results of collision in terms 
of the weight of B ; and the results may all be expressed 
by four fractional numbers ; namely, that which ex- 
presses the ratio of the weight of A to the weight of B ; 
that which expresses the difference between the respective 
weights of A and B ; that which expresses the sum of the 
ratio and diffefence of the weights ; and that which ex- 
presses the square of the ratio of the weight of A to the 
weight of B. 

In case No. 5^ of the following Table, for example, the 
weight of A is 2 pounds, and the velocity of A, before 
collision, 5 feet per second. Hence, the momentum of 
A before collision, is put down in the Table as 10. The 
weight of B is 6 pounds, and the velocity of B, before 
collision, is 10 feet per second. Hence, the momentum 
of B, before collision, is put down in the Table as 60 ; and 
the joint momentum of A and B as 70: which is the 
amount of the momentum that is to be accounted for after 
collision, in case No. 5. 

Now, according to Law 1, one part of the velocity of 
A after collision, — as compared with the velocity of A 
before collision, — will be proportional to the difference be- 
tween the respective weights of A and B ; and the other 
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part equal to the velocity of B bpfore collision. In case 
No. 5, the difference between the weights is J, and the 
velocity of B is |. Hence, the velodtj of A after colli- 
sion, is put down in the Table as ^A + SB. Tlie mean- 
ing of the } A, 13, that one part will be equal to four sixths 
of tlie velocity which A had before collision : that is, 
equal to four sixths of 5 feet per second. The meaning 
of the I B is, that the other part will be equal to six 
sixths of the velocity wliich B had before collision : that 
is, equal to six sixths of 10 feet per second. 

According to Law 3, one part of the momentum of A, 
after collision, — as compared with the momentum of A 
before collision, — will be proportional to the diifereuce 
between the respective weights of A and B ; and the 
other part, — as compared with the momentum of B be- 
fore colii8ion,'^will be proportional to the ratio of the 
weight of A to the weight of B. In case No. 5, thfl dif- 
ference between the weights is f, and the i-atio of the 
weight of A to the weight of B is |. Hence, the momen- 
tum of A after collision, is put down in the table as 
JA + }B. Tile meaning of the f A, is, that one part will 
be eqnal to four sixths of the momentum wliich A had 
before collisiou: that is, equal to four sixths of 10. The 
meaning of ihe |B is, that the other part will be equal 
to two sixths of the momentum whieh B had before col- 
lision; that is. equal to two sixths of 60. 

According to Law 3, B, after collision, will have a 
Diomentuni, in the given direction of A, which, — as com- 
pared with the momentum of A before ootlisinn, — will 
be proportional to the ratio of the weight of A to the 
weight of B ; and a momentum in the given direction of 
B, which,— as compared with the momentum of B before 
collision,— will be proportional to the difference between 
tlie respective weights of A and B. In case No. 6, the 



66 LAWS OF MOTION. 

ratio is f and the difference ^. Hence, the momentum 
of B after collision, is put down in the table as f A + f B. 
The meaning of the |A, is, that one part will be equal to 
two sixths of the momentum which A had before col- 
lision : that is, equal to two sixths of 10. The meaning 
of the fB is, that the other part will be equal to four 
sixths of the momentum which B had before collision : 
that is, equal to four sixths of 60. 

According to Law 4, B, after collision, will have a 
velocity in the given direction of A, which, — as compared 
with the velocity of A before collision, — will be propor- 
tional to the square of the ratio of the weight of A to the 
weight of B ; and a velocity in the given direction of B, 
which, — as compared with the velocity of B before colli- 
sion, — will be proportional to the difference between the 
respective weights of A and B. In case No. 5, the ratio 
is I, and the difference -}. Hence, the velocity of B, 
after collision, is put down in the table as f A* + f B. 
The meaning of the | A', is, that the velocity of B, in the 
given direction of A, will be equal to four thirty-sixths 
of the velocity which A had before collision : that is, 
equal to four thirty-sixths of 5 feet per second. The 
meaning of the |B is, that the velocity of B, in the given 
direction of B, will be equal to four sixths of the 
velocity which B had before collision : that is, equal to 
four sixths of 10 feet per second. 

Now, whatever may be the weight of A, or the weight 
of B ; and whatever may be the velocity of A, or the 
velocity of B, before collision ; the Laws above enun- 
ciated will hold good in every case in which the weight 
of A is equal to, or less than, the weight of B ; and in 
which B, at the time of collision, is moving in the same 
right line as that in whicli A is moving, but in an oppo- 
site direction. 
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LAWS OF MOTION. 



SECTION VIII. 



TO THE ESIINCIATIO.V OF THE LAWS WHICH DETER- 
ICKK THE RESCI.T8 OF COIJ.IBI0N IS THE BtGBTH CLASS OF 
OASKB ; WHICH CONSISTS OP THOSE IX WEIGH THE WEIGHT 
OF A IS EQCAL TO, OR GKEATEE THAN, THE WEIGHT OF 
B; AND IN WHICH B, AT THE TIME OF CX>LLt8I0N, 13 
UOTINO IK THE SAME RIGHT LIKE A8 THAT IN WHICH A 
IB MOVING, BDT IK AN Ol-POBITE DIKECnoN. 



In every case belonging to this claes, the resnlta of 
loUision will bf det^Tiiiint'd by the following laws : — 
Law 1. A will have a velocity in its own given direc- 
Rioa, which, — as compared with the given velocity of A 
"before collision, — will be proportional to the difference 
between the respective weights of B and A ; and a velo- 
city in the given direction of B, which, — as compared 
with the velocity of B before collision, — will be propor- 
tional to the square of the ratio of the weight of B to the 
^weight of A. 

^H Law 2. The momentum of A, in the given direction 
^Hpf A, — aa compared with the momentum of A before 
^collision, — will be proportional to the difference be- 
tween the respective weights of B and A. T\w mo- 
mentam of A, in the given direction of B,— as compared 
fith the moraentam of B before collision, — will be pro- 
orlioiial to the ratio of the weight of B to the weight 



[ LiW 3. The momentum of B will consist of two parts. 
be port,— as compared with the momeulura of A before 
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collision, — will be proportional to the ratio of the weight 
of B to the weight of A. The other part^ — as compared 
with the momentum of B before collision, — will be pro- 
portional to the diflTerence between the respective weights 
of B and A. 

Law 4. B will move in the given direction of A. The 
velocity of B will consist of two parts. One part will be 
equal to the velocity of A before collision ; and the other 
part, — as compared with the velocity of B before colli- 
sion, — will be proportional to the difference between the 
respective weights of B and A. 

These Laws will give the results of collision in terms 
of the weight of A ; and the results may all be expressed 
by four fractional numbers ; namely, that which expresses 
the ratio of the weight of B to the weight of A ; that 
which expresses the difference between the respective 
weights of B and A ; that which expresses the sum of the 
ratio and difference of the weights ; and that which ex- 
presses the square of the ratio of the weight of B to the 
weight of A. 

In case No. 4, of the following Table, for example, the 
weight of A is 5 pounds, and the velocity of A before 
collision is four feet per second. Hence, the momentum 
of A before collision, is put down in the Table as 20. 
The weight of B is 2 pounds, and the velocity of B 
before collision 5 feet per second. Hence, the momen- 
tum of B, before collision, is put down in the Table as 
10. And hence, the joint momentum of A and B is put 
down in the Table as 30 : which is the amount of the 
momentum that is to be accounted for after collision, in 
case No. 4. 

Now, according to Law 1, the velocity of A, after col- 
lision, in the given direction of A, — as compared with 
the velocity of A before collision, — will be proportional 



^■pUfei 



LAWS OF MOTION. 71 

the difference between the respective weights of B and 

; and the velocity of A in the given direction of B, — as 

compared willi the velocity of B before collision, — will 

be proportional to the sqnare of the ratio of the weight 

of B to the weight of A. In case No. 4, the difference 

between the weights is f, and the ratio of Ihe weight of 

B to the weight of A is |. Hence, the velocity of A, after 

collision, is put down in the Table aa |A +|B'; the 

meaning of which is, that the velocity of A, in the given 

direction of A. will be equal to three fifths of the velocity 

hich A had before colliBion ; that is, equal to three 

tha of 4 feet per second ; and that the velocity of 

in the given direction of B, will be equal to foar 

mty-fifths of the velocity which B had before col- 

in : that is, equal to four twenty-fifths of five feet per 

nd. 

.Ccording to Law 9, the uiomentara of A after col- 
n, in the given direction of A, — as compared with 
le momentum of A before collision, — will be propor. 
tlonat to the difference between the respective weights 
of B and A ; and the momentnni of A in the given 
direction of B,— as compared with the momentum of B 
before collision,— will be proportional to the ratio of the 
eight of B to the weight of A. In case No. 4, the 
irence between the weights is -f. and the ratio of the 
ftit of B to tlie weight of A is J. Hence, the momen- 
of A is put down in the table as |A + |B; the 
meatdng of which is, that the momentum of A, in the 
given direction of A, will Ire equal to thi-ee fifths of the 
momentum which A had before collision: that is, equal 
to three lifths of 20 ; and that the momentum of A. in 
given dii-ection of B, will be equal to two fifths of 
momentum wliich B had before collision : that is, 
il to two fifths of in. 
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According to Law 3, the momentum of B will consist 
of two parts. One part, — as compared with the momen- 
tum of A before collision, — will be proportional to the 
ratio of the weight of B to the weight of A ; and the 
other part, — as compared with the momentum of B 
before collision,— will be proportional to the difference 
between the respective weights of B and A. In case 
No. 4, the ratio of the weight of B to the weight of A is 
f ; and the difference between the weights is J. Hence, 
the momentum of B after collision, is put down in the 
table as f A + |B ; the meaning of which is, that one 
part will be equal to two fifths of the momentum which 
A had before collision : that is, equal to two fifths of 20 ; 
and that the other part will be equal to three fifths of 
the momentum which B had before collision : that is, 
equal to three fifths of 10. 

According to Law 4, the velocity of B, after collision, 
will consist of two parts. One part will be equal to the 
velocity of A before collision ; and the other part, — as 
compared with the velocity of B before collision, — ^will 
be proportional to the difference between the respective 
weights of B and A. In case No. 4, the velocity of 
A is I, and the difference between the weights is |. 
Hence, the velocity of B, after collision, is put down 
in the table as |A -f JB ; the meaning of which is, that 
one part will be equal to five fifths of the velocity 
which A had before collision: that is, equal to five 
fifths of 4 feet per second ; and that the other part will 
be equal to three fifths of the velocity which B had 
before collision : that is, equal to three fifths of 6 feet 
per second. 

Now, whatever may be the weight of A, or the weight 
of B; or whatever may be the velocity of either A 
or B before collision ; the Laws above enunciated will 
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hold good in every case in which the weight of A 
is equal to, or greater than, the weight of B, and in 
which B, at the time of collision, is moving in the same 
right line as that in which A is moving, but in an oppo- 
site direction. 
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SECTION IX. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETEB- 
MINE THE RESULTS OF COLLISION IN THE NINTH CLASS OF 
CASES ; WHICH CONSISTS OF THOSE IN WHICH THE WEIGHT 
OF A IS EQUAL TO, OB LESS THAN, THE WEIGHT OF G; 
IN WHICH THE WEIGHT OF C IS EQUAL TO, OR LESS THAN, 
THlfi WEIGHT OF B; IN WHICH B IS AT REST AT THE 
TIME OF collision; in WHICH A AND C MOVE IN THE 
SAME RIGHT LINE, — BUT IN OPPOSFfE DIRECTIONS, — ^WTTH 
ANY VELOCITY WHATEVER ; AND IN WHICH BOTH A AND 
COME IN COLLISION WITH B AT THE SAME INSTANT OF 
TIME. 

In every case belonging to this class, the results of col- 
lision vdll be determined by the following Laws : 

Law 1. A will be reflected back, from the point of col- 
lision, in the same line that it moved in before collision. 
The velocity of A will consist of two parts. One part, — as 
compared with the velocity of A before collision, — will 
be proportional to the diflerence between the respective 
weights of A and C ; and the other part will be equal to 
the velocity of C before collision. 

Law 2. C will be reflected back, from the point of 
collision, in the same right line that it moved in before 
collision. One part,— as compared with the velocity of 
C before collision, — will be proportional to the difference 
between the respective weights of C and B, minus a 
quantity proportional to the ratio of the weight of A to 
the weight of C. The other part, — ^as compared vnth the 
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iiocity of A before collision, — will be proportional to 
^Kbe sqaare of the ratio of tile weiglit of A to the weiglit 

Law 3. B will move In tlie giyen direction of C. The 
Telocity of B,^as compared with the velocity of before 
collision, — will be proportional to the square of the ratio 
of the weight of C to tlie weiglit of B, minus a quantity 
proportional to the ratio of the weight of B to the 
weight of C. 



^^^KOTl 



SECTION X. 



ED TO THE ENCNCIATION OF THE LAWS WHICH DETEH- 
KSE THE BESCLTS OF COLLISION IN THE TENTH CLA88 OF 
CASES ; WHICH CONSISTS OF THOSE IN WHICH THE WEIGHT 
07 A IS EQUAL TO, OE OHtUTEB THAN, THE WEIGHT 
OF B; in WHICH THE WEIGHT OF C 19 EQUAL TO, OB 
QBEATEB THAN, THE WEIGHT OF A J IN WHICH B IS AT 
BEST AT THK TIME OF COLLISION ; IN WHICH A AND C 
HOTE IN THE SAME KIOHT LINE, — BUT IN OPPOSITE DIBEC- 

TIOKS, WITH AKT VELOCITY WHATEVER; AND IN WHICH 

BOTH A AND C COME IN COLLISION WITH B AT THK SAME 
nrSTANT OF TIME. 

k. 

^^^■r every case belonging to this class, the results of col- 
^^^Bn will be determined by the following Laws : 
^^^kw 1. A will be reflected back, from the point of col- 
^^^Bn, in the same line that it moved in before collision, 
^^^p velocity of A will consist of two parts. One part, — 
as compared with the velocity of A before collision, — 
will be proiwrtional to the diiTereuce between the re- 
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spective weights of A and C. The other part will be 
equal to the velocity of C before collision. 

Law 2. C will have a velocity in its own given direc- 
tion, and also a velocity in the given direction of A. The 
velocity of C in its own given direction, — as compared 
with the velocity of C before collision, — ^will be propor- 
tional to the difference between the respective weights of 
A and C, minns a quantity proportional to the ratio of the 
weight of B to the weight of C. The velocity of C in the 
given direction of A, — as compared with the velocity of 
A before collision, — will be proportional to the square of 
the ratio of the weight of A to the weight of C. 

Law 3. B will move in the given direction of C. The 
velocity of B, — as compared with the velocity of C be- 
fore collision, — will be proportional to the difference be- 
tween the respective weights of A and C. 
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SECTION XI. 



< TO THE ESPNCIATION OP TIIK LAWS WHICH DliTER- 
! TUSK THE RtSDLTfl OF OOLLIBIO.V IN THK KLKVENTH 

CLASS OF CASHa; WHICH COXBI8T8 OF THDSK IS WHICH THS 
k WKIOHT OF A IB 1.E8B THAN THE WEIGHT OF B ; IW 
' WHICH THE VELOCITT OF A U EQUAL TO THK VEI,OCnY 
I (IF B; IS WHICH THE L1KE8 I'F PIREtmoN IS' WHICH A 
' ASI> E KEBPECnVELT MOTE, DkPORE lULLlSIIIK, MAKE 
I WITH EACH OTHEK ANT ANGLE WHATEVEB BETWEEN 
I AKD 90 DEOBKKB ; AND IN WHICH 'lUK POSITION OF B, 
I AT THE TIMI! OF COLLISION, 19 IN FRONT OF A, AND BrCH, 
I THAT THE IJNE OF UIKECTION IS WHICH A MOVE8 WILL 

PA88 THROtOII THE CENTEB OF GRAVITY OF B. 



ff this, — and also in the following sections, — the results 
Ecollision will be exprese^'d in t«mis of the sine, cosine, 
tc, of the angle fonnid by the lines of direction in which 
A and B respectively move before collision ; and as the 
amount of the monientnni, in any given case, can always 
be determined by multiplying the weight by the velocity 
of the body, those Laws only will be enunciated which 
determine the directions and the respective velocities of 
A and B after collision. 

Let A'E and KI) (Ftg. 1, Plate 1) be two diameters, at 
right-angles to each other, of the circle A' D E F ; and let 
C, the center of the circle, bt* the point of collision in all 
cases. Suppose that A, before collision, will in every 
case describe the radius A'C, in one second of time; and 
that B. in a given case, will describe the radius B'C, in 
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the same time. Then A' C B' will be the angle formed by 
the lines of direction of A and B ; and the respective 
velocities of A and B before collision will be equal to 
radius, and therefore equal to each other. 

Now, in every case belonging to this class, the results 
of collision will be determined by the following Laws : 

Law 1. A will have a velocity, in its own given direc- 
tion, that will bo proportional to the cosine of the angle; 
and a velocity in opposition to its own given direction, 
which, — as compared with radius, — will be proportional 
to the difference between (he respective weights of A and 
B, minus a quantity proportional to the ratio of the cosine 
to radius. The line that will be actually described by 
A, after collision, in the given time, will be proportional 
to the difference between the two opposite velocities 
aforesaid. 

Law 2. B will have a velocity, in its own given dire c- 
tion, that will be equal to radius ; and a velocity in the 
given direction of A, which, — as compared with radius, — 
will be proportional to the square of the ratio of the 
weight of A to the weight of B, minus a quantity propor- 
tional to the ratio of the cosine to radius. The liile that 
will be actually described by B, after collision, in the 
given time, will coincide with the diagonal of a parallelo- 
gram completed from the two lines which represent the 
directions and velocities aforesaid. 

Now, in order to find the respective positions of A 
and B at the end of one second after collision, suppose 
that A will describe the radius A' C (Pig. 1, Plate 1), and 
B the radius B'C, in one second before collision. Then 
A'C B' will be the angle formed by the lines of direction 
in which A and B respectively move b(»fore collision ; 
B'^ will be the sine, and li C the cosine of that angle. 
Suppose, also, that the weight of A is equal to 1 pound •, 



LAWS OF MOTION. 



81 



that tlie weight of B ig equal to 2 pounds ; and that tho 
cosine of the angle is eijiial to two thirds of radius. 
Now in order to find the position of A at tlie end of one 
second after collision, we must look, to Law I, wliich 
says that the velocity of A. iu the direction of the radius 
C E. will he propoilinnal to the cosine of the angle. 
Hence, if we make Ca' equal to the cosine C^, the point 
a' will bo the jiosition of A, so far as the velocity of A 
in the direction C E is concerned. According to the 
same Law, the velocity of A in the opposite direction, 
■will be proportional to one half of radius, minus two 
thirds of one lialf of radius: which, in this case, will 
make the velocity of A, in the direction of the radius 
CA', proportional to one sixth of radius. Hence, if we 
make a'a equal to one sixth of radius, the point a, in 
the radius CE, will be the position of A at the end of 
one second after collision : liaving described, in that 
time, the line Ca'a. 

In order to iiiid the posllion of B, at the end of one 
second after collision, we must look to Law 2, ■which 
says that the velocity of B after collision, in its own 
given direction, will be proportional to radius. Hence, 
if we produce B'C to «/, touching the circumference in j?, 
the jioint ff will be the position of B, so far as the 
velocity of B in the given direction of B is concerned. 
Bnt the samo Ljiw says that the velocity of B, in the 
given direclioa of A, will, in this ease, be proportional 
to one fourth of radius, minus two thirds of one fourth 
of radius. This would make the ■velocity of B, in this 
raee, in the given direction of A, proportional to one 
tweJfth of radius. Hence, if we draw gl>, parallel to 
CE, and make it equal to one twelfth of radius, tlie line 
gb will represent the velocity of B in the given direction 
of A. From the two lines Cff and gb, complete the 
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parallelogram, and draw the diagonal Cb. Then the 
point b will be the position of B, at the end of one 
second after collision : having described, in that time, 
the diagonal C b. 

Now Ga\ plus a'a^ multiplied by the weight of A, 
added to C g^ plus g 6, multiplied by the weight of B ; 
will be equal to A'C multiplied by the weight of A, 
added to B'C multiplied by the weight of B : that is, the 
joint momentum of A and B after collision, will be 
equal to the joint momentum of A and B before col- 
lision. 



SECTION XII. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETIB- 
MTNR THE RESULTS OF COLLISION IN THE TWELFTH CLA8S 
OF CASES ; WHICH CONSISTS OF THOSE IN WHICH THE 
WEIGHT OF A IS LESS THAN THE WEIGHT OF B ; IN 
WHICH THE VELOCITT OF A IS EQUAL TO THE VELOCTTT 
OF B ; IN WHICH THE POSITION OF B, AT THE TIMK OF 
COLLISION, 18 IN FEONT OF A, AND SDCH THAT THE LIKE 
OF DIRECTION IN WHICH A IS MOVING WILL PASS THROUGH 
THE CENTI'Jt OF GRAVITY OF B; AND IN WHICH THE RE- 
SPECTIVE LINES OF DIRECTION IN WHICH A AND B MOVE 
BEFORE COLLISION, MAKE WITH EACH OTHER ANY ANGLE 
WHATEVER BETWEEN 90 AND ISO DEGREES. 

In every case belonging to this class, the results of 
collision will be determined by the following laws : 

Law 1. A will be reflected back, from the point of col- 
lision, in the same line that it moved in before collision. 
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The velocity of A will consist of two parts. Oue part, — 
as compared with radius,— will be proportional to the 
difference between the respective we^hts of A and B. 
The other part will be proportional to the cosine of the 
;le. 

w 2. B will have ii velocity in the given direction of 
which, — as compared with radius, — will be propor- 
lal to the square of the ratio of the weight of A to the 
weight of B. B will also have a velocity in its own given 
direction, that will be proportional to radius, minus a 
qnantit3-,~-as compared with the cosine of the angle, — 
proportional to the ratio of the weight of A to the weight 
ofB. 

'or example, let the diffei-ence between the respective 
[gilts of A and B be eqnal to \ ; and suppose that A 
11 describe the radius A'C, and B the radius B'C (Fig. 
9, Plate 1), in one second before collision. Then A'CB' 
will be the angle formed by the lines of direction in 
which A and B respectively move before collision ; B'i 
will be the sine ; C'i the cosine ; and E J the versed sine, 
of that angle. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
says that A will move in thetlirection of the radius CA'; 
that one part of its velocity, — as compared with radius, — 
will be proportional to the difference between the respect- 
ive weights of A and B. That difference, in this case, is 
equal to i- Hence, if we make C a' equal to one half of 
radius, the line Ca' will represent one part of the velo- 
city of A, According to the same Law, the other part 
will be proportional to the cosine of the angle. Hence, 
if we make a' a equal to the cosine Ci, the line a' a will 
represent the other part of the velocity of A ; and the 
poiut a will be t he position of A, at the end of one second 
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after collision : having described, in that time, the right 
line C a' a. 

To find the position of B, at the end of one second after 
collision, we must look to Law 2, which says that B will 
have a velocity in the given direction of A, which, — as 
compared with radius, — will be proportional to the square 
of the ratio of the weight of A to the weight of B. That 
square, in tliis case, is equal to \. Hence, if we make 
C V equal to one fourth of radius, the line C V will repre- 
sent the velocity of B in the given direction of A. Ac- 
cording to the same law, B will have a velocity in its own 
given direction, that will be proportional to radius, minus 
a quantity, — as compared with the cosine of the angle, — 
proportional to the ratio of the weight of A to the weight 
of B. That ratio, in this case, is equal to \. Hence, if we 
make C h" equal to radius, minus one half of the cosine C^, 
the line C h" will represent the velocity of B, in its own 
given direction. From the lines C V and C V\ complete 
the parallelogram, and draw the diagonal CJ. Then 
the point h will be the position of B, at the end of 
one second after collision: having described, in that 
time, the diagonal C 6. 

Now, Ca', plus a' a, multiplied by the weight of A, 
added to C h\ plus C &", multiplied by the weight of B ; 
will be equal to A'C multiplied by the weight of A, 
added to B'C multiplied by the weight of B: that is, 
the joint momentum of A and B, after collision, will be 
equal to the joint momentum of A and B before collision. 
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SECTION XIII. 



THE EMINCIATIUN OF TIJE LAWS WDICII DETEK- 

MIME TBE KESIF1.TB OF OOLLISIiiK IN TUK THIKTKKSTII 

CLASS OF cases; WaiCH CONBISTB of those in WHItB 

THE WEIRHT OF A 18 EQUAL TO TilK WEIGHT OF B ; IS 

f 'WHICH THE VELOCmf OF A IB EQUAL TO THE TELOCITY 

' B; IS WHICH TIIE Pl)8mON OF B, AT TIIK TIME OF 

ITOOLUSION, IS IN FRONT OF A, AND 6DCII THAT THE LINE 

DIKECnON IN WHICH A MOVES WILL PASS THROUGH 

Vtqe centeb op GHwrrr of B; and in which the lines 
B<or direction in which A and B eespectively move 
VEFORK OiLLISION, UAJ(E WITB EACH OTHER AKV ANGLE 
HATETEB BETWEEN AND 90 DfXllCKEe, INCLUSIVE. 



r erery case belonging to this class, the results of 
bion will be determined by the following Laws : 

Law 1. A will continue to moye, in its own given 
direction, with a velocity that will b« proportional to the 
cosine of the angle. 

Law 2, B will have a velocity, in its own given direc- 
tion, tliat will be proportional to radius ; and a velocity, 
in the given direction of A, that will be proportional to 
the versed sine of the angle. The line that will be 
actually described by B. after collision, in the given time, 
will coincide witli the diagonal of a parallelogram com- 
pUttcd from the lines which represent the directions and 
Telocities aforesaid. 

fiappoee, for example, that A, during one second 
I ooUUion, would describe the radius A'C, while 
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B described the radius B'C (Pig. 1, Plate 2). Then 
A' C B' would be the angle formed by the lines of direc- 
tion; B'A would be the sine; iC the cosine; and A A 
the versed sine, of that angle. Prom the extremity E, 
of the radius C E, draw the right line E <, equal and 
parallel to the radius C P. This line will be a tangent 
inE. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
says that A will move in the direction of the radius 
C E, with a velocity that will be proportional to the 
cosine of the angle. Hence, if we make C a equal to the 
cosine G^^ the point a, in the radius CE, will be the 
position of A, at the end of one second after collision: 
having described, in that time, the right line C a. 

In order to find the position of B, at the end of one 
second after collision, we must look to Law 2, which 
says that B will have a velocity, in its own given 
direction, that will be proportional to radius. Hence, 
if we produce B' C to t?, touching the circumference in 
Vj the point v will be the position of B, so far as the 
velocity of B in its own given direction is concerned. 
According to the same law, B will have a velocity in 
the given direction of A, that will be proportional to the 
versed sine of the angle. Hence, if we draw v 6, parallel 
to C E, and make it equal to the versed sine A'i, the line 
V b will represent the velocity of B in the given direction 
of A. Prom the lines C v and v b complete the parallel- 
ogram, and draw the diagonal C b. Then the point b will 
be the position of B at the end of one second after col- 
lision : having described, in that time, the diagonal C&. 

Now, Ca multiplied by the weight of A, added to 
C«, plus 2j6, multiplied by the weight of B; will be 
equal to A'C multiplied by the weight of A, added to 
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B'C multiplied by the weight of B: that is, the joint 
momentum of A and B after collision, will be equal to 
the joint momentum of A and B before collision. 

It follows from the laws above enunciated that B, at 
the end of one second after collision, will always be 
found in the tangent E /, and that its distance from the 
point E will be equal to the sine of the angle. 



SECTION XIV. 

T^EVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETER- 
MINE THE BE8CLT3 OF COLLISION IN THE FOURTEENTH 
CLASS OF cases; WHICH CONSISTS OF THOSE IN WHICH THE 
WEIGHT OF A IS EQUAL TO THE WEIGHT OF B ; IN WHICH 
THE VELOCrrY OF A IS EQUAL TO THE VELOCTIY OF B ; 
IN WHICH THE POSmON OF B, AT THE TIME OF COLLI- 
SION, IS IN FRONT OF A, AND SUCH THAT THE LINE OF 
DIRECTION IN WHICH A IS MOVING WILL PASS THROUGH 
THE CENTER OF GRAVITY OF B ; AND IN WHICH THE 
LINES OF DIRF:CTI0N in which a AND B RESPECTIVELY 
MOTE, BEFORE COLLISION, MAKE WITH EACH OTHER ANY 
ANGLE WHATEVER BETWEEN 90 AND 180 DEGREES, IN- 
CLUSIVE. 

In every case belonging to this class, the results of col- 
lision will be detenuined by the following Laws : 

Law 1. A will be reflected back, from the point of col- 
lision, in the same line that it moved in before collision, 
with a velocity proportional to the cosine of the angle. 

Law 2. B will have a velocity in two directions ; 
namely, a velocity in a reflected direction, such, that the 
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angle of reflection will be equal to the angle of B's inci- 
dence upon A ; and a velocity in the given direction of 
A. The velocity of B, in its reflected direction, will be 
proportional to radius; and its velocity in the given 
direction of A, will be proportional to the versed sine of 
the angle. The line that will be actually described by B, 
after collision, in the given time, will coincide with the 
diagonal of a parallelogram completed from the two lines 
which represent the directions and velocities aforesaid. 

For example, suppose that A describes the radius A'C, 
and B the radius B'C (Fig. 2, Plate 2), in one second of 
time before collision. Then A'CB' will be the angle 
foi-med by the lines of direction ; B'4 will be the sine ; 
C^ the cosine ; and E 4 the versed sine, of that angle. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
says that A w ill be reflected back, from the point of col- 
lision, in the direction of the radius C A' ; and that its 
velocity will be proportional to the cosine of the angle. 
Hence, if we make C a equal to the cosine C 4, the point 
a, in the radius C A', will be the position of A, at the end 
of one second after collision : having described, in that 
time, the line C a. 

To find the position of B, at the end of one second 
after collision, we must look to Law 2, which says that 
B will have a velocity in a reflected direction, such, that 
the angle of reflection will be equal to the angle of B's 
incidence upon A; and that it will be proportional to 
radius. Hence, if we draw the radius C i? in such a direc- 
tion that the angle 2? C E will be equal to the angle B' C E, 
the radius Gv will represent the direction in which B 
will have a velocity that will be equal to C c. According 
to the same Law, B will have a velocity-, in the given 
direction of A, that will be proportional to the versed 
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•If. Hencp, if we draw 356 parallel to CE, 
\ Tnake it t?qual to the versed sine E S, the line v h will 
represfiit tlu- velocity of B in the given direction of A. 
From the two linos cr and vh, roniiilete the parallclo- 
•am, and draw the diagonal C6. Tlifii the point h will 
Lttie position oF li, at the end of one second after colli- 
: liiiving depcrihfd. in that time, the diagonal C6. 
[fow. Ca multiplied by the weight of A, added to Cp, 
V b, mnltiplied by the weight of B ; will be eqnal to 
Z multiplred by the weiglit of A, added to B'C multi- 
jjlifd liy tlie weight of B : that is, the joint momentum of 
A and B after collision, will be equal to the joint momen- 
Inni of A and B before collision. 

It fiillowR from tJie Laws above enunciated tliat B, at 
the end of one second after collision, will always be found 
in the tangent E/, and that its distance from the point E 
Trill be equal to the sine of the angle. 

By comparing the Laws of this with those of the pre- 
ceding section, it will l>e seen that at equal angles above 
and below 90 degrees, — as nt 45 and 135, for example, B 
will describe the same line precisely. 



COr.OI.I.AItY TO THE LAWS OF SECTIONS XIII. AND XIV. 

Let the right lines A'E and FD be two diameters, at 

right angles to eai-li other, of the circle A'DEF (Fig. 1, 

l^e 3). At the distance of I'adius from the diameter F I), 

he direction C E, draw the right line tY.v, equal and 

Uel to FD. Li_-t 0, the center of the circle, be the 

kt of collision, and suppose that A, in every case, will 

pribe the radius A'C in ono second before collision. 

iposo B to be carried, in the direction A'U, throngh 

vwhole (!ircumference of the circle, and at each point 

pade to move toward C, with a velocity equal to that 
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of A, and at sncli times that A will always come in colli- 
sion with B, at the center C. Now A, at the end of one 
second after collision, will always be found somewhere 
in the diameter A' E, and B will be found somewhere in 
the right line t^v^ which is perpendicular to A'E. 
When the angle is equal to 0, A will be found at the 
point E, in the extremity of the diameter AE ; and while 
the angle is being increased from to 90 degrees, A will 
be found nearer and nearer to C ; and when the angle is 
equal to 90 degrees, A will be found at C. While the 
angle is being increased from 90 to 180 degrees, A will 
approach nearer and nearer to A' ; and when the angle 
becomes equal to 180 degrees, A will be found at A'. 
While the angle is being increased from 180 to 270 de- 
grees, A will return toward C ; and when the angle be- 
comes equal to 270 degrees, A will be found at C. While 
the angle is being increased from 270 to 360 degrees, A 
will approach nearer and nearer to E, and when the 
angle becomes equal to 360 degrees, A will be again found 
at E. In corresponding times, when the angle is equal 
to 0, B will be found at the point E ; and while the angle 
is being increased from to 90 degrees, B will approach 
nearer and nearer to the point ^, and when the angle be- 
comes equal to 90 degrees, B will found at L While the 
angle is being increased from 90 to 180 degrees, B will 
return toward E, and when the angle becomes equal to 
180 degrees, B will again be found at E. While the angle 
is being increased from 180 to 270 degrees, B will ap- 
proach nearer and nearer to v^ and when the angle be- 
comes equal to 270 degrees, B will be found at v. AVhile 
the angle is being inorj^ased from 270 to 360 degrees, B 
will return toward E ; and when the angle becomes 
equal to 360 degrees, B will again be found at E. The 
distance of A from the center C, at the end of one second 
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after collision, will always be equal to the cosine of the 
angle ; and the distance of B, at the same instant, from 
the point E, will always be equal to the sine of the 
angle. 



SECTION XV. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETER- 
MINE THE KESULT8 OF COLLISION IN THE FIFTKENTH CLASS 
OF CASES ; WHICH CONSISTS <»F THOSE IN WHICH THE 
WFJGHT OF A IS OREATKR THAN THE WEIGHT OF B ; IN 
WHICH THE VELOCITY OF A IS EQUAL TO THE VELOCITY 
OF B; IN WHICH THE POSITION OF B, AT THE TIME OF 
COLLISION, IS IN FRONT OF A, AND SUCH, THAT THE 
LINE OF I IRECTION IN WHICH A IS MOVING WILL PASS 
THBOUOH THE CENTER OF GRAVITY OF B; AND IN WHICH 
THE LINES OF DIRKCTION IN WHICH A AND B RESPECT- 
IVELY MOVE BEFORK COLLISION, MAKE WITH EACH OTHER 
ANY ANGLE WHATSOEVER BKIWEEN AND 90 DEGREES, 
INCLUSIVE. 

In every case belonging to this class, the results of col- 
lision will be determined by the following Law^s : 

Law 1. A will continue to move in its own given 
direction. The velocity of A will consist of two parts. 
One part, — as compared with radius, — will be propor- 
tional to the difference between the respective weights 
of A and B. "The other part, — as compared Avith the 
cosine of the angle, — will be proportional to the ratio of 
the weight of B to the weight of A. 

Law 2. B will have a velocity in two directions; 



92 LAWS OF MOTION. 

namely, a velocity in its own given direction, — that will 
"be proportional to radius, — and a velocity in the given 
direction of A, that will be proportional to the versed 
sine of the angle. The line that will be actually de- 
scribed by B, during the given time after collision, will 
coincide with the diagonal of a parallelogram completed 
from the two lines which represent the directions and 
velocities aforesaid. 

For example, let the weight of A be equal to 2 pounds, 
and the weight of B equal to 1 pound ; and suppose that 
A will describe the radius A'C, and B the radius B'C 
(Fig. 2, Plate 3), in one second before collision. Then 
A'CB' will be the angle formed by the lines of direc- 
tion ; B'4 will be the sine ; Gs the cosine ; and A'^ the 
versed sine, of that angle. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, 
which says that A will move in the direction of the 
radius CE; and that one part of its velocity, — ^as com- 
pared with radius, — will be proportional to the difference 
between the respective weights of A and B. That dif- 
ference, in this case, is equal to ^. Hence, if we make 
Ca equal to one half of radius, the line Ca' will repre- 
sent one part of the velocity of A. According to the 
same Law, the other part, — as compared with the cosine 
of the angle, — will be proportional to the ratio of the 
weight of B to the weight of A : which, in this case, is 
equal to |. Hence, if we make a' a equal to one half of 
the cosine C.5, the point a will be the position of A, at 
the end of one second after collision : having described, 
in that time, the right line Ca'a. 

In order to find the positicm of B, at the end of one 
second after collision, we must look to Law 2, which 
says that B will have a velocity, in its own given dircc- 



LATVS OF MOTION. 93 

tion, that will be proportional to radius. Hence, if we 
produce the radius B' C to 0, the radius C v will repre- 
sent the velocity of B in its own direction. According 
to the same Law, B will have a velocity, in the given 
direction of A, that will be proportional to the versed 
sine of the angle. Hence, if we draw v 5, parallel to C E, 
and make it equal to the versed sine A'-5, the line vh will 
represent the velocity of B in the given direction of A. 
From the lines C v and v &, complete the parallelogram, 
and draw the diagonal C h. Then the point h will be the 
position of B, at the end of one second after collision : 
having described, in that time, the diagonal C b. 

Now, Ca', plus a' a, multiplied by the weight of A, 
added to C v^ plus v J, multiplied by the weight of B ; 
will be equal to A'C multiplied by the weight of A, 
added to B' C multiplied by the weight of B : that is, 
the joint momentum of A and B after collision, will be 
equal to the joint momentum of A and B before col- 
lision. 

It follows, from the Laws above enunciated, that B, at 
the end of one second after collision, will always be 
found in the tangent E <, and the distance of B from the 
point E, at that time, will always be equal to the sine of 
the angle. 
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SECTION XVI. 

DEVOTED TO THE ENDNOIATION OF THE LAWS WDICH DETER- 
MINE THE RESULTS OF OOLLISIOK IN THE SIXTEFJfTH 
CLASS OF cases; WHilCH CONSISTS OF THOSE IN WHICH 
THE WEIGHT OF A IS OREATEB THAN THE WEIGHT OF B ; IN 
WHICH THE YELOCnr OF A IS EQUAL TO THE VELOCITY 
OF B ; IN WHICH THE POSITION OF B, AT THE TIME OF 
COLLISION, IS IN FRONT OF A, AND SUCH THAT THE LINE 
OF A's DIRECTION WILL PASS THROUGH THE CENTER OF 

GRAvrnr of B; and in which the lines of direction 

IN WHICH A AND B RESPECTIVELY MOVE BEFORE COL- 
LISION, MAKE WITH EACH OTHER ANY ANGLE WHATEVER 
BETWEEN 90 AND ISO DEGREES, INCLUSIVE. 

In every case belonging to this class, the results of 
collision will be determined by the following Laws : 

Law 1. A will have a velocity in its own given direc- 
tion, which,— as compared with radius, — will be propor- 
tional to the difference between the respective weights 
of A and B. A wiU also have a velocity in opposition 
to its own given direction, which, — as compared with the 
cosine of the angle, — will be proportional to the square 
of the ratio of the weight of B to the weight of A. 

Law 2. B will have a velocity in two directions ; 
namely, a velocity in a reflected direction, such, that the 
angle of reflection will be equal to the angle of B's inci- 
dence upon A ; and a velocity in the given direction of A. 
The velocity of B, in the reflected direction, will be pro- 
portional to radius. The velocity of B in the given direc- 
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I of A, — as compared with tlu' coaine oF the angle, — 
|l be proportional to Hie diffVrence between the respecU 
ive wi'ights of A and B. plus a quantity proportional to the 
versed sine of the angle. The line that will be actually 
described by B, during the given time after collision, 
will coincide with the diagonal of a parallelogram com- 
pleted from the two lines which represent the directions 
^^WL velocities aforesaid. 

^^HTor example, let the difference between the weights 
^^V equal to ^, and suppose that A will describe the 
^^itts A'C, and B the radius B'C (Pig. 1, Plate 4), in 
one second before collision. Then A' C B' will be the 
ang le formed by the lines of dii-ection ; B' J will be the 
^^Bb; Ci the cosine; and E/ the versed sine, of tliat 

■^Wow, in order to find the position of A, at the end of 
one sfcond after collision, we must look to Law 1, wliich 
says that A will have a velocity in its own given direc- 
tion, which, — as compared with radius, — will be propor^ 
ttonal to the difference between the respective weights of 
A and B : which, in this case, is equal to J. Hence, if 
we make Ca' equal to one half of radius, the line Co' 
_ will represent the velority of A, in its own given direc- 

I. According to the same Law, A will have a velocity 
he opposite direction, which, — as compared with the 
ne of the angle, — will be proportional to the square of 
ratio of the weight of B to the weight of A : which, 
[lis case, is equal to J. Hence, if we make a' a equal 
mo fourth of the cosine G d, the point a will be the 
position of A, at the end of one second after collision: 
having described, in that time, the right line Ca. 
In order to find the position of B, at the end of one 
nd after collision, we mnst look to Law 2, which saya 
ESwiU have a velocity, that will be proportional to 
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radius, in a reflected direction, such, that the angle of re- 
flection will be equal to the angle of B's incidence upon 
A. Hence, if we diuw the radius C t? in such a direction 
that the angle t? C E will be equal to the angle B' C E, the 
radius C v will represent the direction in which B will 
have a velocity that will be equal to C t?. According to 
the same Law, B will have a velocity in the given direc- 
tion of A, which, — as compared with the cosine of the 
angle, — will be proportional to the diflference between 
the respective weights of A and B, plus a quantity pro- 
portional to the versed sine of the angle. The difference 
between the weights, in this case, is equal to J. Hence, 
if we draw v ft, parallel to C E, and make it equal to one 
half of the cosine C^, plus the versed sine E4, the line 
V h will represent the velocity of B in the given direction 
of A. From the lines C v and v J, complete the parallelo- 
gram, and draw the diagonal C h. Then the point h will 
be the position of B, at the end of one second after colli- 
sion : having described, in that time, the diagonal C 6. 

Now, Ca', plus a' a, multiplied by the weight of A, 
added to C v^ plus v 6, multiplied by the weight of B ; 
will be equal to A'C, multiplied by the weight of A, 
added to B' C, multiplied by the weight of B : that is, the 
joint momentum of A and B after collision, will be 
equal to the joint momentum of A and B before collision. 
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SECTION XVII. 



WOTED TO THE KNDXCIATION OF THE LAWS WHICH DETKR- 
HIKK THK BESL'LTS OF COLLISION IN THE BETKNTEESTII 
CLASS OP CASES ; WHICH OONSISTS OF THOSE IN WHIOQ 
THK WeiOBT OF B tS EQCAI. TO, OR GBEATEB THAN, THK 

jiiiirr WKIOHT OF A and C; in which the weight of 

C IS EQUAL TO, OB OHtlATEIC THAN, THE WKIQIIT OF A; 
IN WHIl.II B IS AT BEST AT THE TIME OF COLLISION; IN 
WHICH A AND C GOME INTO COLLISION WITH B AT THK 
SAME INSTANT OF TIME; I.N WHICH THE POSITIOS OF B, 
AT THK TIME OF COLLiSION, IS BCCH, THAT THE HESPECTIVE 
LISKa or DIBECTION IM WHICH A AND C MOTE BEFOKE 
COLLISION, WILL PASS THSOOGH THE CKSTKK OF GRAVITY 
or B ; ANO IN WHICH THE SAID LINES OF DIRECTION MAKE 
Wmt EACH OTHER ANT ANGLE WHATSOEVER 
AND 90 DEOBEES, INCLCSIVE. 



■Is every case belonging to this class, the results of 
bllislon will be determined by the following laws : 
iL^^w 1. A will be n-Hected back, from the point of col- 
won, in the same line that it moved in before collision. 
lie velocity of A, — as compared with radius,-— will be 
■OporUoiial to the difference Itetween the joint weight 
t A ftnd C and the weight of B, plus a quantity,— as 
mpared witli the versed sine of the angle,— propor- 
tional \o the difference between two other differences; 
namely, the difference between the Joint weight of A and 
the weight of B, and the difference between the 
relglit of A and the weight of B. 
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Law 2. C will b» reflected back, from the point of 
collision, in the same line that it moved in before col- 
lision. The velocity of C, — as compared with radius, — 
will be proportional to the difference between the 
joint weight of A and C and the weight of B, plus a 
quantity, — ^as compared with the versed sine of the 
angle, — proportional to the difference between two 
other differences ; namelj^ the difference between the 
joint weight of A and C and the weight of B, and 
the difference between the weight of and C the weight 
of B. 

Law 3. B will have a velocity in the given direction of 
A, which, — ^as compared with radius, — will be propor- 
tional to ~ of the square of the ratio of the joint weight 
of A and C to the weight of B, minus a quantity, — as 
compared with the versed sine of the angle, — propor- 
tional to the difference between the square of the ratio 

of the weight of A to the weight of B, and ^ of the square 
of the ratio of the joint weight of A and C to the weight 

of B : in which equation ^j represents the ratio of the 
weight of A to the joint weight of A and C. B will also 
have a velocity in the given direction of C, which, — as 
compared with radius, — will be proportional to ^ of the 
square of the ratio of the joint weight of A and C to the 
weight of B, minus a quantity, — as compared with the 
versed sine of the angle,— proportional to the difference 
between the square of the ratio of the weight of C to the 

weight of B, and ^ of the square of the ratio of the joint 
weight of A and C to the weight of B ; in which equa- 
tion y] represents the ratio of the weight of C to the joint 
weight of A and C. The line that will be actually de- 
scribed by B, during the given time after collision, will 
coincide with the diagonal of a parallelogram completed 
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from the (wo lines wtiicli n-prosfut the (lin-ctioiis and 
^jtlocUies afnri'saicl. 

^^■Vor example, suppose lliiit A will desi-iilte tlit^ raditia 

^|Pb, and C the radius C R (Fig. S, Plate 4), in one second 

^^refore collision. Then ARC will be the angle foniied 

by the lines of direction of A and C; Ci will be the 

sine; RJ the cosine; and Ai the versed .sine, of that 

angle. 

Now, in order to find the position of A, at the end of 
one second after rollision, we must look to Law 1, which 
eaVB that A will be found in the radius AR; tlia.t the 
velocity of A. — aa compared with radius, — will be pro- 
portional to the difference between the joint, weight of A 
and C and the weigiit of B. plus a quantity, — as com- 
pared with the versed sine of the angle, — proportional to 
the difference between two other differences ; namely, the 
difference between the Joint weight of A and C and the 
weight of IJ. and the differencL" between the weight of A 
and the weigtit of B. Suppose the weight of A to be 
equal to 2 pounds; the weight of C 3 pounds; and the 
weiglit of B C pounds. Then the difference between 
the joint weight of A and C and the weight of B will 
be equal to J; the diflerence between the respective 
weights of A and B will l>e equal to J ; and the differ- 
ent; between i and J \s J. ITence, if we make R a equal 
to one sixth of radius, plus three sixths of the versed sine 
A J, the line R a will n-preaent the velocity of A, and the 
point '( will be the position of A, at the end of one second 
after collision. 

To find the position of C. at the end of one second after 
collision, we must look to Law "2, whicli says that will 
move in the dii-ection of the radius R C ; that the velocity 
of C. — as compared with radius, — will be proportional to 
the difference between the joint weight of A and C and 
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the weight of B, plus a quantity,— as compared with the 
versed sine of the angle, — proportional to the difference 
between two other differences; namely, the difference 
between the joint weight of A and C and the weight of 
B, — which, in tliis case, is equal to J^, — and the difference 
between the weight of C and the weight of B, — which, in 
this case, is equal to J. The difference between ^ and ^ 
is equal to J. Hence, if we make R c equal to one sixth 
of radius, plus J of the versed sine A^, the line Re will 
represent the velocity of C, and the point c will be the 
position of C, at the end of one second after collision. 

To find the position of B, at the end of one second after 
collision, we must look to Law 3, which says that B will 
have a velocity in the given direction of A, which, — as 
compared with radius, — will be proportional to ^ (f) of 

the square of the ratio of the joint weight of A and C to 
the weight of B m\ minus a quantity,— as compared 
with the versed sine of the angle, — proportional to the 
difference between the square of the ratio of the weight 
of A to the weight of B (^), and I (|) of the square of 

the ratio of the joint weight of A and C to the weight of 
B : in which equation ^ represents the ratio of the weight 

of A to the joint weight of A and C. Now, | of }| is 
equal to |J, and tlie difference between ^ and -^ is equal 
to /y, or |. Hence, if we make R b' equal to ten thirty- 
sixths of radius, minus one sixth of the versed sine A3, 
the line R ft' will represent the velocity of B in the given 
direction of A. The same Law says that B will have a 
velocity iu the given direction of C, which, — as compared 
witli radius, — will be proportional to ^ (in this case equal 

to I) of the square of the ratio of the joint weight of A 
and C to the weight of B (| J), minus a quantity, — as com- 
pared with the versed sine of the angle, — proportional to 
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difference between the aqaare of the ratio of the 
;lit Of C to the weight of B (^), and | (}) of the 
of the ratif> of the joint weight of A and C to the 
;ht of B : in which eqaation j. represents llie ratio of 
weight nf C to tlie joint weiglit of A and C. Now, | 
of ^ is eqvial to J4i ^^^ tt"' difference between ^ and ^ 
is equal to j»j, or j. Hence, if we make Rb" equal to 
fifteen tliirty-sixtlis of radius, minus one sixth of the 
Versed sine Ai, the line R6" will represent the velocity 
of B in the given direetion of C. From the lines R l>' and 
R J", complete tlie parallelogram, and draw the diagonal 
Ri. Then the point 6 will be the position of B, at the 
en d of one second after collision : having described, in 
time, the diagonal Hh. 

'ow, R a multiplied by the weight of A, added to R c 
tiplied by the weight of C. added to Rh', plus RJ", 
ninltiplii'd by the Tveight of B ; will be eqiinl to A R 
multiplied by the weight of A, added to CR mulliplied 
by the weight of C : that is, the joint momentum of A, B, 
and C, after collision, will be eqnal to the joint momen- 
ttun of A and C before rollieion. 

n the example above given, we suppose radius to 
nal to 10 feet, the respective velocities of A and C, 
collision, would each be equal to 10 feet per 
id. And, as A is supposed to weigh 2 pounds, the 
lentnm of A before collision, would be equal to 20. 
10 weight of C is supposed to be 3 pounds, the mo- 
itam of C before collision would be equal to 30. 
the joint momentum of A and C before collision 
would be equal to 50 : which ia the amount that is to be 
accounted for after collision. Now, if we suppose the 
angle to be such that the versed sine would be equal to 
6 feet, the respective velocities and momenta of A, C, 
and B, after collision, would be as follows : 'Vhv velocity 
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of A would be equal to 4f feet, and the momentum of A 
would be equal to 9^. The velocity of C would be equal 
to 3^1 feet, and the momentum of C would be equal to 11. 
The velocity of B, in the given direction of A, would be 
equal to 1^ feet, and the momentum of B equal to lOf. 
The velocity of B, in the given direction of C, would be 
equal to 3| feet, and the momentum of B would be equal 
to 19. And 9i + 11 + lOf + 19 = 50. 



SECTION XVIII. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETER- 
MINE THE RESULTS OF COLLISION IN THE EIGHTEENTH 
CLASS OF CASES ; WHICH CONSISTS oF THOSE IN WHICH 
THE WEIGHT OF B IS EQUAL TO, OR GREATER THAN, THE 
JOINT WEIGHT OF A AND C ; IN WHICH THE WEIGHT OF 
C 18 EQUAL TO, OR GREATER THAN, THE WEIGHT OF A; 
IN WHICH B IS AT REST AT THE TIME OF COLLISION; IN 
WHICH A AND C COME IN COLLISION Wri'H B AT THE 
SAME INSTANT OF TIME: IN WHICH THE POSITION OF B, 
AT THE TIME OF COLLISION, 18 SUCH, THAT THE RESPEC- 
TIVE LINES OF DIRECnON IN WHICH A AND C MOVE BEFORE 
COLLISION, WILL PASS THROUGH THE CENTER OF GRAVITY 
OF B ; AND IN WHICH THE SAU) LINES OF DIRECTION 
MAKE WITH EACH OTHER ANY ANGLE WHATEVER BETWEEN 
90 AND 180 DEGREKS, INCLUSIVE. 

In every case belonging to tliis class, the results of 
collision will be determined by the following Laws : 

Law 1. A will have a velocity in opposition to its own 
given direction, which, — ^as compared with radius, — will 
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be proportional to thp difference between the respective 
weigbts of A and B, minus a quantity,— aa compared witli 
tlie cosine of tlie angle. — proportional to the difference 
betwten two other differences ; namely, the difference 
between the respective weights of A and B, and the dif- 
ference between the respective iveighta of A and C. A 
will also have a velocity, in the given direction uf C, that 
will be proportional to the cosine of the angle. The line 
that will be actually described by A, after collision, in 
the given time, will coincide with the diagonal of a paral- 
lelogram completed from the two lines which represent 
the directions and velocities aforesaid. 

Law 2. C will have a velocity in opposition to its own 
given direction, wliiili,— as compai'ed with radius, — will 
be proportional to the difference between the respective 
weights of C and B, minus ^, of a quantity proportional 
Ui the ratio of the weight of A to the weight of C : in 
which eqaation ~ represents the ratio of the cosine to 
radins, C will also have a velocity in the given direction 
of A, which, — as compared with the cosine of the angle, — 
will be proportional to the squari" of the ratio of the 
weight of A to the weight of C. The line that will be 
actually described by C, in the given time after collision, 
will coincide with the diagonal of a parallelogram com- 
pleted from the two lines which represent the directions 
and vehxiities aforesaid. 

Law 3. B will have a velocity in the given direction 
of A, which, — as compared with the versed sine of the 
angle. — will be proportional to the square of the ratio of 
the Weight of A to the weight of B, B will also have a 
Velocity in llie given direction of C, which,— as compai-ed 
1 radius, — will be proportional to the square of the 
t of the weight of C to the weight of B, minus g 
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of a quantity proportional to the ratio of the weight of 
A to the weight of C : in which equation ~ represents the 
ratio of the cosine to radius. The line that will be 
actually described by B, during the given time after col- 
lision, will coincide with the diagonal of a parallelogram 
completed from the two lines which represent the direc- 
tions and velocities aforesaid. 

For example, let the weight of A be equal to 2 pounds ; 
the weight of B equal to 6 pounds ; and the weight of C 
equal to 8 pounds. And suppose that A, during one 
second before collision, will describe the radius A R, and 
C the radius C R (Fig. 1, Plate 6). Then A R C wUl be 
the angle formed by the lines of direction of A and C ; 
C ^ will be the sine ; R h the cosine ; and E h the versed 
sine, of that angle. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
says that A will have a velocity in opposition to its own 
given direction, which,— as compared with radius, — will 
be proportional to the difference between the respective 
weights of A and B, minus a quantity, — as compared 
with the cosine of the an^le, — proportional to the differ- 
ence between two other differences ; namely, the dif- 
ference between the respective weights of A and B, and 
the difference between the respective weights of A and 
C. As the difference, in this case, between the weights 
of A and B is equal to |, and the diflference between the 
weights of A and C ^, the difference between these two 
differences is equal to \, Hence, if we make R a' equal 
to two thirds of radius, minus one third of the cosine 
Rii, the line Ra' will represent the velocity of A, in 
opposition to its own given direction, during one second 
after collision. According to the same Law, A will have 
a velocity, in the given direction of C, that will Ik3 pro- 
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portional to tlw cosine of the angle. Hence, if we make 
Ra" eqaal to the cosine Ri, the line Ra" will represent 
the velocity of A, in the given direction of C, during 
one second after collision. From the two lines Ra' and 
R«", pomplete the parallelogram, and draw the diagonal 
R a. Then the point a will be the position of A, at the 
end of one second after collision : having described, in 
that tinif , tlie diagonal R a. 

In order to tind the position of C, at the end of one 
second after collision, we must look to Law 3, which 
says that C will have a velocity in opposition to its own 
given direction, which.— as compared with radius,— will 
be proportional to the difference between the respective 
weights of C and B, minus ^ of a quantity proportional 
to the ratio of the weight of A to the weight of C ; in 
which t represents the ratio of the cosine to radius. The 
difference between the respective weights of C and B, in 
tliis case, is equal to | ; the ratio of the cosine to radius 
is equal to— say i\ ; and the ratio of the weight of A to 
the weight of C is equal to |, Hence, if we make R c" 
equal to three sixths of radius, minus seven tenths of 
two thirds of three sixths of radius, the line Re' will 
represent the velocity of C, in opposition to its own 
given direction, during one second after collision. Ac- 
cording to the same Law, C will have a velocity in the 
given direction of A, which, — as compared with tlie 
cosine of the angle,— will be proportional to the square 
of the ratio of the weight of A to tlie weight of C : 
which, in this case, is equal to \. Hence, if we make 
Re" equal to four ninths of the cosine R J, the line Re" 
will represent the velocity of C, in the given direction of 
A, during one second after collision. From the lines R <;' 
and Re", complete the parallel ognun, and draw the 
, diagonal Re. Then the point o will be the position of 0, 
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at the end of one second after collision : having described, 
in that time, the diagonal R c. 

To find the position of B, at the end of one second after 
collision, we must look to Law 3, which says that B will 
have a velocity in the given direction of A, which, — as 
compared with the versed sine of the angle, — will be pro- 
portional to the square of the ratio of the weight of A 
to the weight of B : which, in this case, is equal to ^. 
Hence, if we make R 6' equal to four ninths of the versed 
sine E^, the line R6' will represent the velocity of B, in 
the given direction of A, According to the same Law, 
B will have a velocity in the given direction of C, which, — 
as compared with radius, — will be proportional to the 
square of the ratio of tlie weight of C to the weight of B, 

minus ^ of a quantity proportional to the ratio of the 

weight of A to the weight of C : in which ^ represents the 
ratio of the cosine to radius. The square of the ratio of 
the weight of C to the weight of B, in this case, is equal 
to ^ ; the ratio of the cosine to radius is equal to ^ ; and 
the ratio of the weight of A to the weight of C is equal to 
f . Hence, if we make R J" equal to nine thirty-sixths of 
radius, minus seven tenths of two thirds of nine thirty- 
sixths of radius, the line R b" will represent the velocity 
of B in the given direction of C. From the two lines 
R 6' and R 6", complete the parallelogram, and draw the 
diagonal R b. Then the point b will be the position of 
B, at the end of one second after collision: having 
described, in that time, the diagonal R6. 

Now, R a', plus R a", multiplied by the weight of A, 
added to R c\ plus R c", multiplied by the weight of C, 
added to R 6', plus R 6", multiplied by the weight of B ; 
will be equal to AR multiplied by the weight of A, 
added to C R multiplied by the weight of C : that is, the 
joint momentum of A, B, and C, after collision, will 
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be equal to the joint moTnentum of A and C before col- 
lision. 

If, in the foregoing example, we suppose radius to be 
equal to 10 feet, the velocity of both A and C, before col- 
lision, would be equal to 10 feet per second. As A is 
supposed to weigh 2 pounds, the momentum of A, be- 
fore collision, would be equal to 20; and as C is sup- 
I)osed to weigh 3 pounds, the momentum of C, before 
collision, would be equal to 30. Hence the joint momen- 
tum of A and C before collision would be equal to 50 : 
which is the amount that is to be accounted for after col- 
lision. The velocity of A, in this case, in opposition to 
its own given direction, would be equal to 4^ feet per 
second, and the momentum of A would be equal to 8j. 
The velocity of A, in the given direction of C, would be 
equal to 7 feet per second, and the momentum of A 
would be equal to 14. The velocity of C, in opposition 
to its own given direction, would be equal to 2f feet per 
second, and the momentum of C would be equal to 8. 
The velocity of C, in the given direction of A, would be 
equal to 3^ feet per second, and the momentum of C 
would be equal to 9|. The velocity of B, in the given 
direction of A, would be equal to | of 1 foot per second, 
and the momentum of B would be equal to 2. The velo- 
city of B, in the given direction of C, would be equal to 
1^ feet, and the momentum of B would be equal to 8. 
Now, 8| -h 14 + 8 4- 9i 4- 2 -h 8 = 60. 
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SECTION XIX. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETER- 
MINE THE RESULTS OF COLLISION IN THE NINETEENTH 
CLASS OF CASKS : WHICH CONSISTS OF THOSE IN WHICH THE 
WEIGHT OF A IS EQUAL TO, OR GREATER THAK, THE 
WEIGHT OF B: IN WHICH THE WEIGHT OF C IS EQUAL TO, 
OR GREATER THAN, THE WEIGHT OF A ; IN WHICH B IS 
AT REST AT THE TIME OF COLLISION ; IN WHICH THE VELO- 

crrY OF A is equal to the velocity of C ; in which 

A AND C COME in COLLISION WITH B AT THE SAME IN- 
STANT OF TIME ; IN WHICH THE POSITION OF B, AT THE 
TIME OF COLLISION, IS SUCH, THAT THE RESPECTIVE LINES 
OF DIRECTION IN WHICH A AND C MOVE, BEFORE COLLI- 
SION, WILL PASS THROUGH THE CENTER OF GRAVITY OF 
B; AND IN WHICH THE SAID LINES OF DIRECTION MAKE 
WITH EACH OTHER ANY ANGLE WHATEVER BETWEEN 
AND 90 DEGREES, INCLUSIVE. 

In every case belonging to this class, the results of col- 
lision will be determined by the following Laws : 

Law 1. A will have a velocity in its own given direc- 
tion, which, — as compared with radius, — will be propor- 
tional to the difference between the weight of B and the 
joint weight of A and C, minus a quantity, — as compared 
with the versed sine of the angle, — proportional to the 
difference between two other differences; namely, the 
difference between the respective weights of B and A, 
and the difference between the weight of B and the joint 
weight of A and C. 
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Law 2. C will Lave a velocity in its own given direc- 
tion, which, — as compared with radius, — will be propor- 
tional to the difference between the weight of B and the 
joint weight of A and C, minus a quantity, — as compared 
with the rersed sine of the angle, — proportional to the 
ditference between two other differences ; namely, the 
difference between the weight of B and the weight of C, 
and the difference between the weight of B and the joint 
weight of A and C. 

Law 3. B will have a velocity, in the given direction 
of A, and also a velocity in the given direction of C; 
each of whii'h will be proportional to one half of radius, 
plus one half of the versed sine of the angle. The line 
that will be actually described by B, in the given time 
after collision, will coincide with the diagonal of a par- 
allelogram completed from the two lines wliicli represent 

the directions and velodties aforesaid, 

For example, suppose the weight of A to be 2 pounds ; 
the weight of B one pound ; and the weight of C 3 
pounds. Suppose, also, that A will describe the radius 
A R, and C the radius C R (Fig. 2, Plate 5), in one sec- 
ond before collision. Then ARC will be the angle 
formed by the respective lines of direction of A and C ; 
C i will be the sine ; R i the cosine ; and A i the versed 
sine of that angle. 

Now. in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
gays that A will have a velocity in its own given direc- 
tion, which, — as compared with radius, — will be propor- 
tional to the difference between the weight of B and the 
joint weight of A and C, minus a quantity, — as compared 
with the versed sine of the angle,— proportional to the 
difference between two other differences ; namely, the 
difference between the respective weights of B and A, 
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and the diflTerence between the weight of B and the joint 
weight of A and C. The difference, in this case, between 
the weight of B and the joint weight of A and C, is equal 
to f ; and the difference between the two differences 
above named, will be equal to ^. Hence, if we make 
R a equal to four fifths of radius, minus three tenths of 
the versed sine A i, the line R a will represent the ve- 
locity of A ; and the point a will be the position of A, at 
the end of one second after collision : having described, 
in that time, the right line R a. 

In order to find the position of C, at the end of one 
second after collision, we must look to Law 2, which 
says that C will have a velocity in its own given direc- 
tion, which, — as compared with radius, — will be propor- 
tional to the difference between the weight of B and the 
joint weight of A and C, minus a quantity,— as compared 
with the versed sine of the angle, — proportional to the 
difference between two otlier differences; namely, the 
difference between the weight of B and the weight of C, 
and the difference between the weight of B and the joint 
weight of A and C. The difference, in this case, between 
the weight of B and the joint weight of A and C, is 
equal to f ; and the difference between the other two 
differences is equal to -^, Hence, if we make R c equal 
to four fifths of radius, minus two fifteenths of the 
versed sine Ai, the line Re will represent the velocity 
of C during one second after collision ; and the point C, 
in the radius R h'\ will be the position of C, at the end 
of one second after collision : having described, in that 
time, the right line R c. 

To find the position of B, at the end of one second 
after collision, we must look to Law 3, which says that 
B will have a velocity, in the given direction of A, and 
also a velocity in the given direction of C, each of which 
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|be proportional to one half of radius, plna one half 
ihe versed sine of the angle. Hence, if we make R h' 
eqnal to one half of radius, plus one half of the versed 
sine .\^. the line Ri' will repi-eseiit the velocity of B in 
the given direction of A. And if we make R h" eq^ual to 
one half of radius, plus one half of the versed sine Ai, 
the line lift" will represent the velocity of B, in the 
given direction of C. From the lines R6" and R&', 
complete the parallelogram, and draw the diagonal RS. 
Then the point b will be the position of B, at the end 
of one second after collision : having described, in that 
time, the diagonal R b. 

Now, Ra ninltiplied by the weight of A, added to 
lie mulliplied by the weight of C, added to RJ', plus 
Uh', multiplied by the weight of B; will be equal to 
A R mulliplied by the weiglit of A, added to C R multi- 
plied by the weight of C: tliat la, the joint momentum 
of A, B, and C, after collision, will be equal to the joint 
momentum of A and C before collision. 

If, in the above example, we suppose radius to be 

equal to If) feet, the velocity of A, after collision, would 

be equal to 7^ feet, and its momentum would be equal 

to 14|. The velocity of C would be equal to 7} feet, and 

its momentum would bo eqnal to 92J, The velocity of 

B, in the given direction of C, would be equal to GJ- 

ffeet per second, and its momentum would be eqnal to 6J. 

UEMM'Telocity of B, in the given direction of A, would be 

^^^Hl to ^\ feet per second, and it.s momentum would be 

^^^Bl to 0^ ; that is, if the angle be such that the versed 

^lEe would be equal to three tenths of radius. 

I In some cases belonging to this class, A and C, after 

ifiUisiou with B, would also come into collision with 

■ other. In such cases tlie diret-tions and velocities 

faitd C, after collision, would l>e different from those 
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above assigned to them; but their joint momentum 
would not be altered* 



SECTION XX. 

DEVOTED TO THE ENUNCIATION OF THE LAWS WHICH DETEB- 
MINE THE RESULTS OF COLLISION IN THE TWENTIEIH 
CLASS OF cases; WHICH CONSISTS OF THOSE IN WHICH THE 
WEIGHT OF A IS EQUAL TO, OR GREATER THAN, THE 
WEIGHT OF B; IN WHICH THE WEIGHT OF C IS EQUAL 
TO, OR GREATER THAN, THE WEIGHT OF A ; IN WHICH B 
IS AT REST AT THE TIME OF COLl JSION ; IN WHICH THE 
VELOCITY OF A IS EQUAL TO THE VELOCHY OF C ; IN 
WHICH A AND C COME IN COLLISION WITH B AT THE 
SAME INSTANT OF 'HME ; IN WHICH THE POSITION OF B, 
AT THE TIME OF COLLISION, IS SUCH, THAT THE RESPECT- 
IVE LINES OF DIRECTION IN WHICH A AND C MOVE BE- 
FORE COLLISION, WILL PASS THROUGH THE CENTER OF 
GRAVITY OF B ; AND IN WHICH THE SAID LINES OF DIREC- 
TION MAKE WITH EACH OTHER ANY ANGLE WHATEVER 
BETWEEN 90 AND 180 DEGREES, INCLUSIVE. 

In every case belonging to this class, the results of col- 
lision will be determined by the following Laws : 

Law 1, A will have a velocity, in its own given direc- 
tion, which, — as compared with the versed sine of the 
angle, — will be proportional to the difference between the 
respective weights of B and A. A will also have a velo- 
city, in opposition to its own given direction, which, — as 
compared with the cosine of the angle,— will be propor- 
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I to the difference between the respective weights of 
nil C. A will also have a velocitj", in the given direc- 
of C, that will be propurtioual to the cosine of the 
;le. The line that will be actuaiiy dt-scribed by A, 
"the given time after collision, will coincide with the 
;oniil of a parallelogram completed from the line 
ich i-epresents the velocity of A in the given direction 
C, and that wliich represents the resnltant of Uie two 
isite velocities afoi-esaid. 

w 2. C will have a velocity, in its own given direc- 
whirh,^as compared with radius, — will be propor- 
tional to the diffV'rence between the weight of B and the 
weiglit of C, minus ^. of a quantity proportional to the 
ratio of the weiglit of A to the weight of C ; in which -^ 
represenis the ratio of the cosine to radius, C will also 
a velocity, in the given direction of A, which,— aa 
ipared with the cosine of the angle,— will be propor- 
to the square of the ratio of the weight of A to the 
'eight of C. The line that will be actually described by 
C, in the given time after collision, will coincide with the 
1 of a parallelogram completed from the two lines 
ich represent the directions and velocities aforesaid. 
W 3. B will have a velocity, in the given direction 
that will be projjortional to the versed eine of the 
angle. B will also have a velocity, in the given direc- 
tion of C, that will be proportional to rfidius, minus a 
qnantity,^ — as compared with the cosine of the angle, — 
proportional to the ratio of the weight of A to the weight 
of C. The line that will be actually described by IJ, in 
the given time after collision, will coincide with the diag- 
onal of a parallelogram completed from the two lines 
Vllich rt'present the directions and velocities aforesaid. 
'or example, suppose that A weighs 3 pounds, B 1 
ind, and 4 ponuds. Suppose, also, that A will 
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describe the radius A R, and C the radius C R (Figs. 1, 
and 2, Plate 6), in one second before collision. Then 
ARC will be the angle formed by the respective lines 
of direction of A and C ; C a will be the sine ; R h the 
cosine ; and E h the versed sine, of that angle. 

Now, in order to find the position of A, at the end of 
one second after collision, we must look to Law 1, which 
says that A will have a velocity, in its own given direc- 
tion, which, — as compared with the versed sine of the 
angle, — will be proportional to the diflTerence between 
the respective weights of B and A. That difference, in 
this case, is equal to f . Hence, if we make R a' equal to 
two thirds of the versed sine E i, the line R a' will repre- 
sent the velocity of A, in its own given direction, during 
one second after collision. Tlie same Law says that A 
will have a velocity, in opposition to its own given direc- 
tion, which, — as compared with the cosine of the angle, — 
will be proportional to the difference between the respect- 
ive weights of A and C. In this case, that difference is 
equal to \, Hence, if we make a' a" equal to one fourth 
of the cosine Ra, the line a' a" will represent the velocity 
of A in opposition to its own given direction ; and the 
line R a" will represent the resultant of the velocities in 
the opposite directions aforesaid. The same Law says 
that A will have a velocity in the given direction of C, 
that will be proportional to the cosine of the angle. 
Hence, if we make R a'" equal to the cosine R A, the line 
R a'" will represent the velocity of A in the given direc- 
tion of C. From the lines R a" and R a"\ complete the 
parallelogram, and draw the diagonal Ra. Then the 
point a will be the position of A, at the end of one sec- 
ond after collision : having described, in that time, the 
diagonal R a. 

In order to find the position of C, at the end of one 
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second after collision, wo miiet look to Law 2, wliich 
sajs tliat C will have a velocity, in its own given direc- 
tion, which, — as compart'd with radius,— will be propur- 
tioiiul to tliB differcni^e betwwn the weight of B and the 
weight of C, minus ^ of a quantity proportional to tlie 
ratio of the weight of A to the weight of C: in which 
^ represents the ratio of the cosine to radius. The dif- 
ference, in this rase, betweeii the respective weights of B 
and C is equal to 5 ; the ratio of the cosine to radius, in 
Fig. 2, T^j ; and the ratio of the weight of A to the 
weight of C is equal to |, Hence, if we make Re" 
equal to three fourths of radius, minus seven tenths of 
three fourths of the cosine B^, the line Re will repre- 
sent the velocity of C, in its own given direction, during 
one second after collision. According to the same Law, 
C will have a velocity, in the given direction of A, 
which, — as compared with tlie cosine of the angle, — will 
be proportional to the square of the ratio of the weight 
of A to the weight of C. That square, in this case is 
equal to -fg. Hence, if we make R c equal to nine six- 
teenths of the cosine Ri. the line Re' will represent the 
velocity of C. in the given direction of A. From the 
lines Re' and Re", comph'te the parallelogram, and 
draw the diagonal Re. Then the point c will be the 
position of C. at the end of one second after collision: 
having descrilK-d, in that time, the diagonal Re. 

In order to find the position of B, at the end of one 
second after collision, we must look to Law 3, which 
Bays that B will have a velocity, in the given direction 
of A. that will be proportional to the versed sine of the 
angle. Hence, if we make R6' equal to the versed sine 
Ej, tlie line Ej will represent the velocity of B, in the 
given direction of A, during one second after collision. 
Accorduig to the same Law, B will have a velocity, in 
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the given direction of C, that will be proportional to 
radius, minus a quantity, — as compared with the cosine 
of the angle, — proportional to the ratio of the weight of 
A to the weight of C. That ratio, in this case, is equal 
to f. Hence, if we make RJ" equal to radius, minus 
three fourths of the cosine Il4, the line R6" will rep- 
resent the velocity of B, in the given direction of C. 
From the lines R 6' and R J", complete the parallelogram, 
and draw the diagonal R h. Then the point h will be 
the position of B, at the end of one second after collision : 
having described, in that time, the diagonal R &. 

Now, R a\ plus a' a", plus R a'", multiplied by the 
weight of A, added to Re', plus Re", multiplied by the 
weight of C, added to R 6, plus R J", multiplied by the 
weight of B; will be equal to AR multiplied by the 
weight of A, added to C R multiplied by the weight of 
C : that is, the joint momentum of A, B, and C, after col- 
lision, will be equal to the joint momentum of A and C 
before collision. 

If, in Fig. 2 of the above example, we suppose radius 
to be equal to 10 feet, the velocity of A, after collision, 
in its own given direction, would be equal to 2 feet, and 
its momentum would be equal to 6. The velocity of A, 
in opposition to its own given direction, would be equal 
to If feet, and its momentum would be equal to 5^. The 
velocity of A, in the given direction of C, would be equal 
to 7 feet (the supposed value of the cosine), and its mo- 
mentum would be equal to 21. The velocity of C, in its 
own given direction, would be equal to 3^ feet, and its 
momentum would be equal to 14^^. The velocity of C, 
in the given direction of A, would be equal to ZW feet, 
and its momentum would be equal to 15|. The velocity 
of B, in the given direction of A, would be equal to 3 
feet, and its momentum would be equal to 3. The ve- 
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locity of B, in the given direction of C, would be equal 
to 4J feet, and its momentum would he equal to 4f . 



SECTION XXI. 

DEVOTED TO THE ENDlTClATION OF THE LAWS WHICH DETEB- 
MINB THE BEStTLTfi OF COLLISION IN THE TWENTY-FIB8T 
CLASS OF cases; which CONSISTS OF THOSE IN WHICH 
THE WEIGHT OF IS GREATEE THAN, OB EQUAL TO, THE 
WEIGHT OF A ; IN WHICH THE WEIGHT OF B IS GBEATEE 
THAN THE WEIGHT OF ETTHEB C OR A, BCT LESS THAN 
THE JOINT WEIGHT OF A AND C ; IN WHICH THE VELO- 
CITY OF A IS EQUAL TO THE VELOCITY OF C ; IN WHICH 
B IS AT BEST AT THE TIME OF COLLISION; IN WHICH THE 
POSITION OF B, AT THE TIME OF COLLISION, IS SUCH, THAT 
THE BESPECTIVE LINES OF DIBECTION IN WHICH A AND 
HOVE BEFORE COLLISION, WILL PASS THROUGH THE CENTFJfc 
OF GBAVITY OF B; AND IN WHICH THE SAID LINES OF 
DIBBOnON MAKE WITH EACH OTHER ANY ANGLE WHAT- 
EVEB BETWEEN AND 90 DEGREES, INCLUSIVE. 

In every case belonging to this class, the results of 
collision will be detennined by the following Laws : 

Law 1. A will have a velocity in its own given direction, 
which, — as compared with the cosine of the angle, — will 
be proportional to the diflTerence between the joint weight 
of A and C and the weight of B. A will also have a ve- 
locity in opposition to its own given direction, which, — as 
compared with the versed sine of the angle, — will be pro- 
portional to the difference between the respective weights 
of A and B. The line that will be actually described by 
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A, during the given time after collision, will coincide 
with the diagonal of a parallelogram completed from the 
two lines which represent the directions and velocities 
aforesaid. 

Law 2. C will have a velocity in its own given direc- 
tion, which,— as compared with the cosine of the angle, — 
will be proportional to the difference between the weight 
of B and the joint weight of A and C. C will also have a 
velocity in opposition to its own given direction, which, — 
as compared with the versed sine of the angle, — will be 
proportional to the difference between the respective 
weights of C and B, The line that will be actually de- 
scribed by C, during the given time after collision, will 
coincide with the diagonal of a parallelogram completed 
from the two lines which represent the directions and 
velocities aforesaid. 

Law 3. B will have a velocity, in the given direction 
of A, that will be proportional to J of radius, minus a 
quantity, — as compared with the versed sine of the 
angle, — proportional to the difference between - of radius 

and \ of radius : in which - represents the square of the 
ratio of the weight of A to the weight of B. This quan- 
tity will be plus, instead of minus, when ^ is greater than 
\, B will also have a velocity, in the given direction of 
C, that will be proportional to ^^ of radius, minus a quan- 
tity, — as compared with the versed sine of the angle, — 
proportional to the difference between ^ of radius and ^ 

of radius : in which -^ represents the square of the ratio 
of the weight of C to the weight of B. The line that will 
be actually described by B, during the given time after 
collision, will coincide with the diagonal of a parallelo- 
gram completed from the two lines which represent the 
directions and velocities aforesaid. 
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SECTION XXII. 



[PETOTGD TO TWE ENUNCIATION OF THE LAWS WHICH DETKE- 
UINK THE SESCI.Ta OF COLLIBION IN THE TWEHTT-BECOND 
CLASB OF CABES ; WHICH C0KSBT8 OF THOSE IN WHICH 
THE WEIGHT OF C 18 EQUAL TO, OK QRKATEB THAN, THK 
WEIGHT OF A ; IN WHICH THE WEIGHT OF B 18 OREATEK 
THAN THE WEIGHT OF KITiiEK A OK C, BDT LESS THAN 
THE JOINT WEIGHT OP A AND C; IN WHICH THE TELO- 

crry OF A IS equal to the \-ELOcrTY ok C ; in which 

B IB AT BEST AT THE TIME OF COLLISION ; IN WHICH 
THE POSITION OF B, AT THE TIME OF COLUBIOK, IS SBCH, 
THAT THE RESPECTIVK UNKB 0» tolttECTlOIl IN WIIICII A 
ASD C MOVE BEFOKE COLLIBION, WILL FAS3 THROUGH THE 
CKKTEB OF OltATITT OF B; AND I WHICH THE SAID LINES 
OF DIKECnON MAKE WITH EACH OTHER ANY ANGLE WHAT- 
KTEB BETWEEN 90 AND ISO DEGREES, INCLUSIVE. 



lie every case belonging to tliis class, the results of 
wllision will be determined by the following Laws : 

Ijlw 1. A will have a velocity in opposition to its own 

^ven direction, which, — as compared with radius, — will 

B proportional to the difference between the respective 

wights of A and B, iniDUB a qaantity, — as compared with 

Hie cosint* of the angle, — proportional to tlie difference 

Ictween two other differencFs ; namely, the difference 

Ibetween tlie respective weights of A and B, and the dif- 

?ence between thi- respective weights of A Ritd 0. A 

J»I11 aliio liave a velocity, in the given direction of C, tliat 

1 bo proportional to the cosine of the angle. The liue 
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that will be actually described by A, during the given 
time after collision, will coincide with the diagonal of a 
parallelogram completed from the two lines which repre- 
sent the directions and velocities aforesaid. 

Law 2. C will have a velocity in opposition to its own 
given direction, which, — as compared with radius, — will 
be proportional to the difference between the respective 

weights of C and B, minus ^ of a quantity proportional 
to the ratio of the weight of A to the weight of C : in 
which equation -^ represents the ratio of the cosine to 
radius. C will also have a velocity in the given direction 
of A, which, — as compared with the cosine of the angle, — 
will be proportional to the square of the ratio of the 
weight of A to the weight of C. Tlie line that will be 
actually described by C, during any given time after col- 
lision, will coincide with the diagonal of a parallelogram 
completed from the two lines which represent the direc- 
tions and velocities aforesaid. 

Law 3. B will have a velocity in the given direction 
of A, which, — ^as compared with the versed sine of the 
angle, — will be proportional to the square of the ratio of 
the weight of A to the weight of B. B will also have a 
velocity in the given direction of C, which, — as compared 
with radius, — will be proportional to the square of the 

ratio of the weight of C to the weight of B, minus -^ 
of a quantity proportional to the ratio of the weight of 

A to the weight of C : in which equation ~ represents the 
ratio of the cosine to radius. The line that will be 
actually described by B, during the given time after col- 
lision, will coincide with the diagonal of a parallelogram 
completed from the two lines which represent the direc- 
tions and velocities aforesaid 
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SECTION SXIII. 



(TOTKD TO THK CONSIDER iTlOM OF WHAT IB KHOWN A8 THB 
FIRST LAW OF MOTION, A8 DRAWN UP BT BIB ISAAC NEW- 
TON IN D18 "mathematical PRINCIPLES OF KATFBAL 
PBILOSOPTIV " ; AJfD WHICH BEADS A8 FOLLOWS: 

"Law 1. Every body perseveres, in its slate of 
rest, oT of uniform, motion in a right line, unless U 
is compelled to change that state by forces impressed 
therwn.^* 

BTewtoit, before enunciating this Law, gives eight 

nitions of words, in order, he eaye, to explain the 

! in which he would have them understood. The 

1 of the said eight detinitioiis is as follows : 

"TT^e Vis Inlita, or Innate Force of Matter, is a power 

^resisting, hy which every body, as much as in it lies, 

tvoTS to persevere in its present state, whether It be 

Yrest, or of moving uniformly forward in a right 

"This force is ever proportional to the body whosp 
■ it is ; and differs nothing from the inactivity of the 
, but in our manner of conceiving it. A body from 

9 inaetirity of matter, is not without difficulty put out 

fits state of rest or motion. Upon which account this 
f Infita, may, by a most signiiicant name, bo called 
( Inertia, or Force of Inactivity. But a body exerts 
1 force only, when another force impressed upon it, 

taeavors to change its condition ; and the exercise of 
■ force may be considered both as resistance and im- 
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pulse. It is resistance in so far as the bcdy, for main- 
taining its present state withstands the force impressed ; 
it is impulse, in so far as the body, by not easily giving 
way to the impressed force of another, endeavors to 
change the state of that other." 

This definition explains what Newton means by saying 
that every body perseveres in its state of rest, or of uni- 
form motion in a right line. He means : 1 . That when a 
body is in a state of rest, it will continue in that state 
until some force puts it in m,otion. 2. That when a body 
is moving in a right line with a uniform velocity, it will 
continue to move in a right line with a uniform velocity, 
until some force compels it to change its velocity and 
direction. 3. That when a body is in a state of rest, or 
when it is moving in a right line with a uniform velocity, 
it possesses a property by virtue of which it is enabled 
to resist, to some extent, any force which endeavors to 
change its condition. 4. That the resisting force of a 
body, or the power which it is capable of exerting in op- 
position to any force that endeavors to change its condi- 
tion, is always proportional to the weight of the body. 

Now, the first, second, and third, of the four proposi- 
tions above set forth, are not affected by the Laws enun- 
ciated in the preceding sections of this work ; but those 
Laws show that the fourth proposition is not true : that 
is, they show that the resisting force of a body is not 
proportional to the weight of the body. 

As the weight of a body, at the surface of the earth, 
is a definite quantity, the resisting force of that body 
must be a definite quantity also, if it be proportional to 
the weight. And if the resisting force be a definite 
quantity, it must be the same in amount, for the same 
body, in all cases. Now, suppose a case in which the 
weight of A is equal to the weight of B, and in which B 
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is flt rest at the time of collision. Suppose also that the 
respective weights of A and B are each equal to 1 pound, 
and that Ibe velocity of A before collision is equal to 10 
feet per second, hi this case, according to the Laws of 
sections 1 aad 2, B, at the time of collision, will take off 
the whole of A's momentum, — which is equal to 10,- 
and A will be Lroughl to a state of rest. Hence the 
relating force of B, in tliis case, is equal to 10. Now, 
suppose the 76100117 of A before collision to be equal to 
100 feet per second, instead of 10 feet per second ; and 
then the momentum of A before collision will be equal 
to 100 instead of 10. According to the same Liiws, B, in 
this case also, will take off the whole of A's momen- 
tum, — which is equal to 100, — and A will be brought to 
a state of rest. Hence the resisting force of B, in this 
case, will be equal to 100; which is teu times greater 
than it was in the former case. Furthermore, if by in- 
creasing the velocity of A before collision, the momen- 
tum of A be made a tliousand, a million, or any other 
numTjer of times greater than ten, B, at the time of col- 
lision, wUl take off the whole of that momentum, and A 
will be brought to a state of rest. Hence we perceive 
that when the weight of A is equal to the weight of B, 
and B is at rest at tlie time of collision, the resisting force 
of B is not at all proportional to its own weight, nor even 
a definite quantity ; but proportional to the velocity of 
A ; and therefore a variable quantity. 

By the same Laws, when the weight of A is greater 
than the weight of B, B will not, in any case, take oft' 
tlie whole of A's momentum, but a quantity proportional 
to the ratio of the weight of B to the weight of A. But 
in a eeries of cases in which the respective weights of A 
and B rcnialu constant, while the velocity of A is made 
to andergo every possible degree of variation, the resist- 
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ing force of B will, as in the former case, be propor- 
tional to the velocity of A; and therefore a variable 
quantity. 

By the same Laws, when the weight of A is less than 
the weight of B, B will take off the whole of A's mo- 
mentum in the given direction of A, and, besides this, 
it will cause A to be reflected back in the opposite 
direction, with a momentum proportional to the diflTer- 
ence between the respective weights of A and B. Hence 
the resisting force of B, in any given case, will be equal 
to the momentum of A before collision, — whatever that 
momentum may be, — plus a quantity, — as compared 
with the momentum of A before collision, — proportional 
to the difference between the respective weights of A 
and B. But in a series of cases in which the respective 
weights of A and B remain constant, while the velocity 
of A is made to undergo every possible degree of varia- 
tion, the resisting force of B will be proportional to the 
velocity of A ; and therefore a variable quantity. 

Hence it is clear that the resisting force of a body is 
not, as Newton supposes, proportional to the body whose 
force it is, nor even a definite quantity, but subject to 
every possible degree of variation. 
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SECTION XXIV. 



DEVOTED TO THE CONSIDERATION OF WHAT IB KKOWN Afl THS 

IBECOXD I^W OF KOnON, AS DRAWN CP BT SIB IBAAO 
SrwTiXS, AND WHICH BBADB AS FOLLOWS : 



" The ali^atimi of motion is eeer proportional to 
ike motive force impressed; and is made in the 
direction of the right line in ir?tich that force is im- 
pressed. If any force generates a motion, a donble 
force will generate double the motion, a triple force 
triple the motion, whether that force be impressed 
aJtogetber and at once, or gradually and success- 
ively. And this motion (being always directed the 
same way with the generating force), if the body 
moved before, is added to or subdncted from the 
former motion, according as they directly conspire 
with or are directly contrary to each other ; or ob- 
liquely joined, when they are oblique, eo as to pro- 
dnce a new motion compounded from the determina- 
tion of both." 



■SaB most important proposition contained in the fore- 
[sg Law, is that which asserts that the motions im- 
sed by different forces are always proportional to the 
I by which those motions are impressed. And it 
tbe shown that the proportion holds good in only a 
f x»rticnilar cases. 
hen the force consists of a ponderable body, moving 
L any velocity whatever, there are three methods by 
I that force may be increased. 1. It may be in- 
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creased by increasing the velocity of the body. 2. It 
may be increased by increasing the weight of the body. 
3. It may be increased by increasing both the weight and 
velocity of the body. Hence, the force will consist of a 
combination of weight and velocity ; and any given force 
may be doubled by doubling the weight ; or, it may be 
doubled by doubling the velocity ; or, it may be doubled 
by adding either equal or unequal portions of weight 
and velocity. And hence the question arises, Will a 
given force which has been doubled by doubling its 
weight, have the same effect to move a given body, that 
it would have had if the force had been doubled by 
doubling its velocity ? The answer to this question is 
contained in the Laws of the first two sections of this 
work. Suppose a case in which the weight of A is equal 
to 1 pound, and the velocity of A before collision equal 
to 10 feet per second ; in which the weight of B is equal 
to 4 pounds, and in which B is at rest at the time of col- 
lision. This case comes under the Laws of Section 1. 
Law 2, of that section, says that the velocity of B, — as 
compared with the velocity of A before collision, — ^will 
be proportional to the square of the ratio of the weight 
of A to the weight of B : which, in this case, is equal to 
'^. Hence the velocity of B would be equal to one six- 
teenth of 10 feet per second. Now, if we suppose the 
force to be doubled by making the weight of A equal to 
2 pounds, the velocity that A would impress upon B 
would, — according to the same Law, — be equal to four 
sixteenths of 10 feet per second. And if the weight of A 
were made equal to 3 pounds, the velocity that A wotdd 
impress upon B would be equal to nine sixteenths of 10 
feet per second. And if the weight of A were made 
equal to 4 pounds, the velocity that A would impress 
upon B, would be equal to sixteen sixteenths of 10 feet 
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per second : that is the velocity of B would be equal to 
the given velocity of A when the weight of A became 
equal to the weight of B, Hence we perceive that the 
Tftlocitiea which would "be impressed upon B by A, in 
these cases, would not be proportional to the forces, but 
proportional to the squares of the forces. 

We have seen that wlien the weight of A is equal to 1 
ponnd, and the velocity of A, before collision, equal to 
10 feet per second, A would impress upon B a velocity 
equal to one sixteenth of 10 feet per second. If, now, 
we make no alteration in the weight of A, but make the 
force twice as great as before, by making the velocity of 
A, before collision, equal to 20 feet per second, instead 
of 10 ; the velocity that will be impressed upon B by A, 
will, according to the. same Law, be equal to one six- 
teenth of 20 feet per second. And when the force is 
m&dd three times as great, by waking the velocity of A 
equal to 30 feet per second, the velocity that will be im- 
pressed upon B by A, will be equal to one sixteenth of 
SO feet per second : and so on. Hence we perceive that 
Then the force is increased by increasing, — not the 
weight, — but the velocity only, the velocities that will 
te impressed upon B by A, will be directly proportional 
to the forces. 

In all similar cases, — that is wlien the weight of A is 
less than, or equal to, the weight of B, and B is at rest at 
the time of collision ; if the force be increased by increas- 
ing both the weight and velocity of A, the velocities that 
will be impressed upon B by A, will never be propor- 
tional either directly to the forces, or to tlie sqnares of 
the forces. They will always be greater than the direct 
proportion of the forces, and always less than the pro- 
portion of the sqnares of the forces. How mnch greater 
than the one, or how mnch less than the other, will de- 
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pend upon the relative proportions of the weight and 
velocity that is added to the force. But whatever may 
be the weight, or whatever may be the velocity that is 
either added to, or taken from, the force ; the velocity 
which that force will impress upon B, may always be 
found by the Laws of Sections 1 and 2. 

Now suppose a case in which the weight of A is equal 
to 2 pounds, and the velocity of A before collision is 
equal to 10 feet per second ; in which the weight of B is 
equal to 1 pound, and in which B is at rest at the time 
of collision. This case comes under the Laws of Section 
2. Law 2, of that section, says that the velocity which 
will be impressed upon B by A, in this case, will be 
exactly equal to the velocity which A had before col- 
lision ; namely, 10 feet per second. If, now, the velocity 
of A remain unaltered, and the force be made ten times 
greater than before, by making the weight of A equal to 
20 pounds ; or, if the force be made one hundred times 
greater than before by making the weight of A equal to 
200 pounds ; or, if the force be increased to any extent 
whatever by adding to the weight of A ; the velocity 
that will be impressed upon B by A, will, — according to 
the same Law, — in each case be equal to the velocity 
which A had before collision; namely, 10 feet per 
second. Hence we perceive that the velocities impressed 
upon B by A, in these cases, are not at all proportional 
to any power of the force, but proportional to the ve- 
locity of A. We also perceive that equal velocities may 
be impressed, upon the same body, by two forces of 
which one may be a thousand or a million times greater 
than the other. 

On the other hand, if, instead of increasing the force 
by increasing the weight of A, we increase the force by 
increasing the velocity of A before collision ; the ve- 
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ities that will be improssed upon B hy A, will be 
llreotly proportional to the forces ; for the velocity of B 
Elt collision Avili always be exactly equal to tlie ve- 
:ity of A before collisioD, 

'Now suppose a rase in wbicli the weight of A is equal 

20 ponnds, and the velocity of A, before collision, 

[Ual to 10 feet per second ; in which the weight of B is 

equal to 30 pounds, and in which B is at rest at tlie 

le of coliision. According to the I^aws of Sections 1, 

and 3, the velocity that would be impressed upon B 

by A, in this case, would be equal to 10 feet per second. 

If. now, the weight of A be made four times less than 

before : that is, if the weight of A be made equal to 6 

iunds instead of 20 pounds, — ^thn velocity of A, before 

lision, must be made IC (the square of four) times 

gumter than before,— that is, it must be made equal to 

160 feet y»er second, instead of 10 f<?et per second, — in 

order that A may impress upon B a velocity equal to 

that which A impressed upon B, when the weight of A 

was equal to the weight of B ; namely, 10 feet per 

second. For the Law which determines the result in 

C"«ae is, that the velocity of B, — as compared witli 

velocity of A before ooiiision,— will be proportional 

lo the square of the ratio of tlie weight of A to the 

weiglit of B, That square, in this case, is equal to ■^•, 

and 10 fi!et per second is equal toy, of 160 feet per second. 

Now, a body weighing 20 pounds, and moving with a 

velocity of 10 feet per second, constitutes a force equal 

to 200 ; and a body weighing 5 pounds, and moving with 

velocity of 100 feet per second, constitutes a force equal 

800. And yet the former will impress upon B a ve- 

ity exactly equal to that which tlie latter would 

ipress upon B. 

Fartliermore, if tlie wuiglit of A be made twenty times 
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less than before : that is, if the weight of A be made 
equal to 1 pound, instead of 20 pounds, — the velocity of 
A before collision must be made four hundred (the 
square of 20) times greater than before : that is, it must 
be made equal to 4,000 feet per second, instead of 10 feet 
per second, in order that A may impress upon B the same 
velocity that it did when A weighed 20 pounds, and 
moved with a velocity of 10 feet per second. Now one 
of these forces is equal to 200, and the other is equal to 
4,000, and yet one would impress upon B precisely the 
same velocity as the other. 

Thousands of other cases might be pointed out, each 
of which would show that the motions impressed upon 
bodies are not proportional to the forces by which those 
motions are impressed ; but those already pointed out are 
quite sufficient. Indeed, in order to overthrow Newton's 
Second Law of Motion, it was not necessary to point out 
a single case in which that Law did not hold good ; for 
that Law is absurd upon its face, inasmuch as it implies 
that one body, by direct action, can impress upon 
another body a velocity greater than its own. 

The true Law in regard to the proportion between the 
force and the motion impressed is, that the motion im- 
pressed upon bodies, as compared with the forces by 
which those motions are impressed, is subject to every 
possible degree of variation between, and including, two 
extremes ; in one of which the motion is proportional to 
the force ; and in the other infinitely disproportional to 
the force. 
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SECTION XXV. 



I 



DEVOTED TO THE CONSIDKRATION OF XEWTON B THIED 1 
UOnON, WHICH BBADB AS FOLLOWS : 



" 7b eferi/ Action there is always opposed an equal 
ReaUion : or the mtttital actions of two bodies vpon 
each other are always egv^l, and directed to con- 
trary parts.'' 



The amount of the action of A upon B, and the 

amount of the reartion of B upon A, in any given case, 

be determined exactly by the I^awa entinciated in 

preceding sections. By consulting those Laws, it 

be seen that when tlie weight of A is equal to, or 

iter than, the weight of B, the action of A upon B, 

the reaction of B upon A. will, in every case, be 

,1 to each other. For example, suppose a case in 

ih the wciglit of A is equal to the weight of B ; in 

ih the velocity of A, before collision, is equal to 10 

per second ; and in wliich B is at rest at the time of 

Kow, according to the Laws of Sections 1, 2, 

8, A, in this case, will impress upon B a velocity 

to its own ; namely, 10 feet per second. And aa 

weights are equal, the momentum of B, after colli- 

will be equal to the momentum of A before collision. 

>rding (o the same Law, A. after collision, will have 

lotJon at all. Hence, iu this case a mutual exchange 

tnditions takes place between the bodies : that is, B, 

;h waB nt rest, is made to move, by A, with a ve- 

Ity of 10 feet per second : and A, which moved with a 
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velocity of 10 feet per second, is brought by B to a state 
of rest. And hence the action and reaction are equal. 

The proof of the equality of the action and reaction, in 
the foregoing example, does not consist alone of the fact 
that the momentum gained by B is equal to the momen- 
tum lost by A ; but it consists of that fact, together with 
the additional fact, that the momentum gained by B has 
the same direction as the momentum which is lost by A. 
And as the same is true with respect to every case in 
which the weight of A is equal to, or greater than, the 
weight of B, it follows that the action and reaction are 
equal in all those cases. 

The fact that the momentum gained by B is equal to 
the momentum lost by A, is not, of itself, sufficient to 
prove the equality of the action and reaction. It is also 
necessary to show that the momentum gained by B is 
equal to the whole of the momentum lost by A in the 
direction in which B moves. It can be shown that such 
is the case when the weight of A is equal to, or greater 
than, the weight of B ; but such is not the case when the 
weight of A is less than the weight of B. The momen- 
tum gained by B, in these cases, is equal to the momen- 
tum lost by A , but it does not from thence follow that 
the action and reaction are equal ; for it can be shown 
that the momentum gained by B, is not equal to the 
whole of the momentum lost by A, in the direction in 
which B moves. And this fact is, of itself, sufficient to 
show that in every case in which the weight of A is less 
than the weight of B, the reaction of B upon A is always 
greater than the action of A upon B. 

When the weight of A is greater than the weight of B, 
A imparts to B, at the time of collision, a portion of its 
momentum, and follows on after B with the remainder. 
The direction of all the motion after collision is the same 
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aa it is before collision. And as the momentum gained 
by B is equal to the momentum lost by A, and in the 
same direction, the equality of the action and reaction is 
evident. But ivlien the weight of A is less than the 
weight of B, A imparts to B, at the time of collision, a 
portion of its momentum, — as in the fonner case ; but A 
does not then, as in the fornipr case, follow on after B 
with the remainder. But A loses the whole of its mo- 
mentum in its given direction, and is then reflected back, 
from the point of collision, in the opposite direction. 
Hence there is a momentum loBt, and a momentum 
gained, by A. The momentum lost by A consists of the 
whole of the momentum which A had in its given direc- 
tion before collision. The momentum gained by A con- 
eists of the whole of the momentum which A has, after 
collision, in the opposite direction. Now the excess of 
the reaction of B upon A, over the action of A upon B, 
in any given case, will alwajs be eqnal to twice tlie sum 
of the momentum gained by A in that case. Tot e:cam- 
ple, suppose a case in which the weight of A is equal lo 
1 pound and the weight of B eqnal to 3 pounds ; in which 
the velocity of A before collision is eqnal to 10 feet per 
second, and in which B is at rest at the time of collision. 
The momentum of A, before collision, in this case, will 
be eqnal to 10, and tlie momentum of B, after collision, 
will bo proportional to the ratio of the weight of A to 
the weight of B. Hence, the momentum of B, after col- 
lision, will be equal to one third of 10: that is, the 
amount of the action of A upon B will be equal to 3^. A 
will be reflected back from the point of collision, and the 
momentum of A will be proportional to the difference 
helween the respective weights of A and B. Hence the 
momeutum of A will be equal to two thirds of 10 : that 
is, the i-eactiou of B upon A, in one direction alone, 
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will be equal to 6f : which is twice as great as the action 
of A upon B. But this is only one half of the sum of 
the reaction of B upon A ; for A had a momentum, be- 
fore collision, in its given direction, equal to 10. And as 
A imparted to B only one third of 10, it follows that A 
lost a momentum, in its given direction, equal to two 
thirds of 10 : equal to 6f . Hence we x)6rceive that the 
reaction of B upon A, in this case, is four times as great 
as the action of A upon B. And hence, Newton's Third 
Law of Motion is only half true : that is, it holds good 
in every case in which the weight of A is equal to, or 
greater than, the weight of B ; but it does not hold good 
in a single case in which the weight of A is less than the 
weight of B. 



SECTION XXVI. 

DEVOTED TO THE OONSmERATION OF NEWTON's FIBST COBOLLAST 
TO HIS THREE LAWS OF MOTION; WHICH SEADS AS FOL- 
LOWS : 

''A hody hy two forces conjoined will describe the 
diagonal of a parallelogram^ in the same time thai 
it would describe the sideSy by those forces acting 
apart y 

This corollary was made the foundation of what is 
now known as the Theory of the Composition of Forces ; 
which, as drawn up by Laplace, is as follows : 

"The effect of a force acting on a material point, is, if 
no obstacle intervenes, to put it in motion. The direction 
of the force is the right line which it tends to make the 
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Jlt describe. It is evident that if two forces act in the 
me direction, their effi*ct to move the point is the snm 
of the forces, and that when they act in opposite direc- 
tions, tlie point is moved by a force represented by their 
difference, so that if the forces were equal, the point 

Iiuld remain at rest. 
*' If tlie directions of the two forces make an angle 
|th each other, a force results, the direction of wluch 
iutermediate between the directions of the composing 
rces, and it can be demonstrated by geometry alone, 
at if from the point of concourBc of these forces, and 
in their respective directions, right lines be assumed 
which represent them, and if then the parallelogram of 
which thesv) lines are adjacent sides, be completed, its 
diagonal will represent their resultant, both in quantity 
^^ajid direction." 

^^kAs the whole of Newton's first corollary is inclnded in 

^^H^ Theory of the Composition of Forces, and as the 

^^principal object here is to show how near that theory is 

to being wholly false, it will not be necessary to consider 

Newton's first corollary separately. 

Tlie Theory of the Composition of Forces, — which ia 
tlie joint production of Newton and Laplace, — supposes 
that wlien two forces act upon a body at the same time, 
and in the same direction, their effect to move the body 
will be equal to the sum of the forces : that is, it sup- 
poses that if one given force would impress upon a given 
body a velocity equal to 5 feet per second ; and that if 
another given force would impress upon the same body 
a velocity equal to 10 feet per second ; then, when both 
forces acted upon the body at the same time, and in the 
■tSaine direction, they would impress upon the body & 
Booity equal to 15 feet per second. This proposition is 
lAved from Newton's Second Law of Motion, and it is 
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only Baying in other words that the motions impressed 
npon the same body, by different forces, are always 
proportional to the forces; whether they act npon it 
separately or together. Now the Laws which determine 
the results of collision, in every case comprehended by 
the Theory of the Composition of Forces, and in which 
the force consists of one or more ponderable bodies, are 
given in the preceding sections of this work. Those 
Laws declare that there is but one class of cases in 
which the proposition holds good ; and that is when the 
respective weights of A, B, * and C, are proportional to 
the sides of a right-angled triangle : that is, when the 
weight of B is proportional to the side which subtends 
the right angle, and the weights of A and C proportional 
to the sides which contain the right angle. When the 
weights are in these proportions the velocity that will 
be impressed upon B, by A and C, when they both act 
upon it at the same time, will be exactly equal to the 
sum of the velocities that would be impressed upon B 
by their separate action : Provided that the respective 
velocities of A and C were equal to each other when 
they acted separately ; and provided, further, that they 
have the same velocity when acting together as when 
acting separately. For, in cases of this kind, the respect- 
ive weights of A and C will each be less than the weight 
of B ; and their joint weight will be greater than the 
weight of B. And the Law which determines the result 
of their separate action upon B, is, that the velocity 
impressed upon B, in each case, — ^as compared with the 
velocity of A, or C, before collision, — will be propor- 
tional to the square of the ratio of the weight of A, or the 
weight of C, to the weight of B. Now the sides of a 
right-angled triangle may be proportional to the num- 
bers 3, 4, and 5. And if, in a given case, the weiglits of 
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[iian 

^^ Eases 



C, and B, respectively, were proportional to those 

mbers, tlifii the ratio of the weight of A to the weight 

B wonid l)e J; and the ratio of the weight of C to the 

fight of B would be -J- Hence, when A actwd alone 

u B, — say with a velocity of 10 feet per second,— the 

locity that would be impressed upon B by A, would 

equal to j^j of 10 feet per second ; and when C acted 

ine upon B, the velocity that would be impressed 

■n B by C, would be equal to j-J of 10 feet per 

md. And these sums added together are equal to Jf 

10 feet per second. If, now, the weight of C be added 

the weight of A, their joint weight will be greater 

lau the weight of B. And the I^aw which determines 

the results of collision when the weight of A is greater 

tlian tlie weigtit of B, ia, tliat tlie velocity of B, after 

ilUsion, will be equal to tlie velocity which A had 

ireoolliaion: which, in this case, is equal to 10 feet 

Becond. And therefore in this, and in all similar 

cases, — that ia, when llie respet^tive weights of A, B, and 

C, are such that the square of tlie weight of A, added to 

tUu square of the weight of C, ia equal to the square of 

le weight of B, and B is at rest at the time of col- 

in,— the velocity that will be impressed upon B by 

joint action of A and C, will be equal to the sum of 

velocities tliat would be impressed upon B by their 

iteaution. 

Now suppose the weights and ^'elocities of A and C to 

reroaiD the same, and that the weight of B is made equal 

to pounds, instead of 5. In this case the velocity that 

VOald be impivHsed upon B by A, when acting alone, 

pllld be equal to j»g of 10 feet per second; and the 

ilty that would be impressed upon B by C, when 

alone, would be equal to J J of 10 feet per second. 

the Telocity that would be impressed upon B, by A 
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and C, when they both acted upon it at the Eame time, 
would be equal to || of 10 feet per second: which is ^ 
of 10 feet greater than the sum of the velocities impressed 
by A and C, when acting separateh". If the weight of B 
were made equal to 7 pounds, instead of 6, the difference 
would be equal to |f of 10 feet per second. And if the 
weight of B were made equal to 8 pounds, instead of 7, 
the difference would be equal to | J of 10 feet per second ; 
and so on. There will be a difference in every case 
whatever, except in the example first above given : that 
is, when the square of the weight of A, added to the 
square of the weight of C, is equal to the square of the 
weight of B, the velocity that will be impressed upon B, 
by A and C, when they both act upon B at the same 
time, will be equal to the sum of the velocities that 
would be impressed by their separate action, and in 
every other case it will be unequal. Hence that part of 
the Theory of the Composition of Forces which supposes 
that tlie velocity impressed upon a body by two forces 
which act upon it at the same time, will be equal to the 
sum of the velocities that would be impressed upon it 
by those forces wlien acting separately, is, — ^when the 
forces consist of ponderable matter, — true with respefet 
to one particular class of cases, and false with respect to 
all others whatsoever. 

The Theory of the Composition of Forces supposes, 
further, that when two equal forces act upon a body at 
the same time, in opposite directions, the body will 
remain at rest : so far as the action of those forces are 
concerned. This proposition holds good with respect to 
one particular class of cases only. 

Suppose a case in which the weight of B is equal 
to 10 pounds, and in which B is at rest at the time ofci 
collision ; in which the respective weights of A and 
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Fare each equal to 10 pounds, and in which the re- 
jctJve veloi'itiea of A and C, before collision, are 
teh equal to 10 feet per second. Now, according to 
t I^ws eniincialed in the preceding sections, A and 
*'C!, when acting separately, will impress equal veloci- 
ties upon B, and when acting at the same time, in 
opposite directions, B will remain at rest And so it 
[ in every case in whirh tlie respective weights of A 
1 C are equal to each other, and in which the respect- 
B yelocities of A and C ai-e also equal to each otlier, 
tH"QW suppose the weight of A to he n-dnced from 10 
lOQnds to 1 jiound ; and suppose the velocity of A to he 
aaed from 10 feet per second to 100 feet per second. 
e forces wiU still he equal to eacli other ; hut in con- 
■qnencH of those forces being composed of different pro- 
tions of wciglit and velocity, they will now impress 
qua] velocities upon B. C will impress upon B a 
alocity equal to its own ; namely, 10 feet per second ; 
1 A will impress npon B a velocity equal to 1 foot iter 
lOnd. Hence when A and C act npon B at the same 
me, in opposite directions, B, instead of remaining at 
it, will move, in the given direction of C, with a ve- 
tdty equal to feet per second. And so in every case 
(which the forces are equal to each other, but in which 
I forces are comjiounded of unequal quantities of 
iQght and velocity, B, instead of remaining at rest, 
1 movu in the direction of the force which is composed 
(the greater weight and the lesser velocity. Hence, 
(at part- of tlie Theor}' of tlie Composition of Forcea 
MliRh supposes tliat a body will remain at rest, when 
I apon at llie same time by two equal forces, in op- 
dtc diroclions, is true with respect to one particular 
B of cases, hut is false with respect to all others what- 
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Furthermore, the Theory of the Composition of Forces 
supposes tliat a body acted upon by two forces at the 
same time, will describe the diagonal of a parallelogram, 
in the same time that it would describe the sides by those 
forces acting apart. 

By the LaAVS enunciated in the preceding sections, it 
may be determined what the velocity and direction of a 
body will be, — in any given case whatsoever, — that is 
acted upon by two forces at the same time, or by either 
force alone, Avhatever may be the respective weights and 
velocities of the bodies, or whatever may be the angle 
formed by the lines of direction in which the bodies 
move. An examination of those Laws will show that 
the proposition set forth at the commencement of this 
paragraph, holds good with respect to a case in which 
the respective weights of A, B, and C, are such that the 
square of the weight of A, added to tlie square of the 
weight of C, is equal to the square of the weight of B ; 
and in which the angle formed by the lines of direction 
of A and C, is equal to zero. And those Laws will show 
that it also holds good when the angle is a right angle, 
whatever may be the respective Aveights of A, B, and C. 
At all other angles the time of describing the diagonal 
by both forces conjoined (or rather the time of describing 
a space equal to the diagonal, for the body will not, — 
except in a feAv cases, — move in the direction of the 
diagonal of a parallelogram completed from the lines 
which the body would describe, in the given time, by 
those forces acting apart), as compared with the time of 
describing the sides of those forces acting apart, will vary 
between tAvo extremes, in one of which it will be only 
half, and in the other tAvice as great. All the variations 
between the tAvo extremes may be produced at a given 
angle : namely, when the angle is the least possible, by 
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ying the proportion of the weights of the bodies. 

aice those variations are not due to the vaiiationa of 

Bangle alone, "bnt also to the variation of the weights 

the bodies. The time of describing the diagonal 

vary with every variation of the angle, and also 

Btii every variation of the proportion of the weights 

T the bodies, and can not, therefore, be expressed by 

I general law ; but tlie time of describing the diag- 

l in any given case, may be found by consulting 

> Laws enunciated in the preceding sections of this 



liose Laws and the Tlieory of the Composition of 

rces agree, when tlie angle formed by the lines of 

rection in which the forces move is a right angle ; and 

B reason of it is, that when the angle is a right angle, 

9 force acting in one of the directions neither coincides 

, nor is it at ail opposed to, the force acting in the 

Per direction. Hence this force is as free to impress a 

Uon npon the body, as it woukl have been if the other 

I had not existed. But when the angle is eitlier 

later or less tlian a right angle, the force acting in one 

t the dii-ections must, to some extent, either coincide 

I or be opposed to. the force acting in tlie other 

action. Hence this force is not as free to impress a 

tion npon the body, as it would have been if the 

ter force had not existed; for that other force mast 

Mssarily interfere with it, and in such a manner, that 

B motion impressed npon the body, will be either more 

^less than what it would have been, if the force had 

1 acting upon the body alone, 

has we perceive that although the Theory of tlie Com- 
tion.of ForcL's is not altogctlier false, yet it is so nenr 
«ing wholly false, that its scientific value is of no 
jOUDt whatever. 
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SECTION XXVII. 

DEVOTED TO THE CONSIDERATION OF SIB ISAAC NEWTOn's 
METHOD OF INVESTIGATING THE LAWS OF MOTION. 

1. In his third definition — quoted in the preceding sec- 
tion — Newton asserts that the inertia, or force of resist- 
ance of a body, is proportional to the weight of the 
body. Now, as he neither knew, nor pretended to 
know, how to determine what the resisting force of a 
body would be in any given case whatever, his assertion 
that it is always proportional to the weight of the body, 
could have had no other foundation than a conjecture. 
But instead of informing us that it was a conjecture, he 
asserts, without qualification, that such is the case ; and 
there he leaves the matter. 

2. In enunciating his Second Law of Motion, Newton 
asserts that the motion impressed upon a body is always 
proportional to the force. Now, if Newton had known 
how to determine the quantity of motion that would be 
impressed upon any given body, by any given force 
whatever, he would have been entitled to say whether 
the motions impressed were proportional to the forces or 
not. But he neither knew, nor pretended to know, how 
to determine the quantity of motion that would be im- 
pressed upon a body by a given force, in any case what- 
ever ; and therefore his assertion that the motions im- 
pressed are always proportional to the forces, could have 
had no other foundation tlian a conjecture. If he had 
told us plainly that he knew little or nothing about the 
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matter tvHU any degree of certainty, but that it was 
a conjecture of bis, or the conjecture of some one 
else; that tlie motions impressed are proportional to the 
forces, no one would have been led astray ; hut instead 
of that, he declares the conjecture to be an axiom, 
or law of motion; and tliereby hia fijIIoweiB have been 
greatly deceived: for the conjecture is not more thau 
half true. 

3. Ill liis Third Law of Motion Newton asserts tliat 
action and reaetion are always equal to each other. 
Now, if he had known liow to determine the amount of 
the action of A upon B, and also the amount of the 
reaction of li upon A in all case's, he would have lieen 
entitled to say M'hether they were equal or unequal ; but 
he neither knew, nor jm'tended to know, how to deter- 
mine the amount of either the one or Uie other in a single 
t&se. AjkI therefore his assertion could have had no 
otiier foundation than a conjecture. If he had told ua 
plainly that he knew little or nothing about the matter 
with any degree of certainty, but that it was a con- 
jecture uF liis, or the conjecture of some one else, that 
action and reaction are always equal to eacli other, 
HO one would have bei-n led astmy ; but instead of 
that, he declared the con^jeeture to be an axiom, or 
law of mation ; and tliereby his followers have been 
greatly deceived: for the conjecture is not more thau 
half true. 

4. In his first corollary to the hawa of Motion, Newton 
asserts that when two furces act upon a body at the same 
time, eadi fon-e will impress upon the body the same 
Velocity as that which it would have impressed if they 
liod acted iijion the body separately. Now, if Ifewton 
had known lii>w to determine the velocities that two 
given forces would impress upon u body when they 
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both acted upon it at the same time, and also the veloci- 
ties which those forces would impress when they acted 
upon it separately, he would have been entitled to say 
whether they were the same or diflferent ; but he neither 
knew, nor pretended to know, how to determine what 
velocities would be impressed in either the one case or 
the other ; and therefore his assertion that they would be 
equal in the two cases, could have had no other founda- 
tion than a conjecture. If he had told us plainly that 
he kneAV little or nothing about the matter with any de- 
gree of certainty, but that it was a conjecture of his, 
or the conjecture of some one else, that the velocities 
impressed in the two cases are equal to each other, no 
one would have been led astray ; but instead of that, he 
asserts, without qualification, that they are always equal ; 
and tliereby his followers have been greatly deceived : 
for the velocities are not, upon an average, equal in one 
case in a thousand. 

5. In his third corollary to the Laws of Motion, New- 
ton supposes a case in which B, weighing 3 pounds, 
is moving forward with a velocity of 2 feet per second, 
and is followed by A, weighing 1 pound, and moving 
with a velocity of 10 feet per second. In this case the 
momentum of A, before collision, is equal to 10, and the 
momentum of B is equal to 6. Hence the joint momen- 
tum of A and B before collision is equal to 16. And he 
says, — correctly, — that the joint momentum of A and B 
after collision will be equal to the joint momentum 
before collision. But he knew not how to determine 
what portion of A's momentum would be imparted to B 
at the time of collision. For he says that if B, at the 
time of collision, acquire 3, 4, or 5 tenths of A's momen- 
tum, then A will lose 3, 4, or 5 t<»nths of its own mo- 
mentum : and after collision the momentum of B will be 



LAWS OF JEOTION. I45 

incroased to 0, 10, or 11, and the monii^ntmn of A will 
be rediicpil to 7, 6, or 5. [The Law which governs this 
case may be found in Section 4, of this work.] Further- 
more, he says tliat if B, at the time of collision, acquires 
0, 10, 11. or 12 tenths of A's moraeiitmn, A will lose 9, 
10, 11, or 12 tenths of its own iiioiKentHm ; and that, 
after rollision, B will proceed with a momentum equal 
to Ifi, 16, 17, or 18 ; that A will follow on after B, 
witli a momentum equal to 1, having lost 9 ; or come 
t<i rest, having lost the whole of its momentum ; or be 
refiectfd back from tlie point of collision with a momen- 
tum eqnal to 1, having imparted to B the whole of its 
own momentnm and 1 tenth more ; or be reflected 
back with a momentum equal to 9, having imparted 
to B the wholu of its own momentum, and 9 tenths 
more. 

Prom this it is evident that Newton neither knew, nor 
pretimd'-d to know, what portion of A's momentum 
would be imparted to B at the time of collision. But in 
order to cover the whole ground lie makes three suppo- 
sitions. 1. He supposes that A might impart a portion 
only of its momentum to B; in wliich case he supposed 
that A would follow on after B, 2. He supposes that A 
might impart the whole of its momentum to B; in which 
case he supposed that B would be brought to a stato of 
rest. 3. He supjioses that A might impart more than 
the whole of its momentum to B ; in which case he sup- 
posed that A would be reflected back from the point of 
collialon. Now these suppositions are all wrong. The 
first is wrong, for. although A would impart only a por- 
tion of its momentum to B, in the case supposed, yet A 
wonld not follow on after B, but would he retieetedhaik 
from the point of coilisiou. The second supposition is 
wrong because when the weight of A is either greater or 
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less than the weight of B, A can not impart the whole of 
its momentum to B in any case whatever. It can only 
do so when the weight of A is equal to the Aveight of B : 
and even then it can not do so if B, — as in the case sup- 
posed by Newton, — is moving forward in the same right 
line as that in which A is moving. The third supposi- 
tion is not only wrong but absurd : for a body can not, 
under any circumstances, impart to another body a 
momentum greater than its own. This absurd notion 
led Newton into another absurdity. He had already 
said that the joint momentum of A and B, after col- 
lision, must be equal to their joint momentum before 
collision ; which, in the case supposed, was equal to 16; 
10 of which belonged to A, and 6 to B. But being pos- 
sessed with the notion that A could not be reflected back 
from the point of collision until after it had imparted to 
B the whole of its momentum, and more besides, lie 
supposed that A had imparted to B <a momentum equal 
to 12; which made B's momentum after collision equal 
to 18. And as A had imparted to B the whole of its own 
momentum, and two parts more, he supposed that A 
would be reflected back with a momentum equal to 
those two parts. Hence the case which he had to con- 
sider Avas simply this: B had a momentum equal to 18, 
and A, — an entirely different body, and moving in an 
opposite direction, — had a momentum equal to 2. But 
18 and 2 are equal to 20, and 20 is 4 more than 16, and 
16 is all the momentum that must be found after col- 
lision. This dilemma ought to have convinced Newton 
that tht?re Avas an error somewhere in his reckoning ; but 
it did not ; for he boldly asserts that when one body is 
moving in one direction with a momentum equal to 18, 
and another bod}'- is moving in an opposite direction 
with a momentum equal to 2, their joint momentum is 
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not equal to 20, but only equal to 16. His doctrine is, 
that when two bodies moA^e in the same direction, their 
joint momentum is equal to the sum of their separate 
momenta ; but Avhen tAvo bodies move in opposite d inac- 
tions, their joint momentum is only equal to the differ- 
ence between their separate momenta. The absurdity of 
this doctrine is partly concealed by the fact that it gives 
him the rc^quired amount of momentum, namely, 16 ; 
for the difference between 2 and 18 is equal to 16. 
But if this doctrine be applied to a case, — and there 
are many of them, — in which the momentum of A is 
equal to the momentum of B, its absurdity will fully 
appear. Suppose the momentum of each body ta be 
equal to 10 ; then their difference would be equal to 
nothing. Consequently their joint momentum would 
be equal to nothing. Hence Ave perceive that, in this 
case, Newton could not only not have found all the re- 
quired momentum, but he could not haA'-e found any at 
all, according to the absurd method Avhich he had in- 
vented for the very puipose of accounting for the Avhole 
of it. 

Newton's doctrine amounts to the same thing as to 
say that if two horses move in the same direction, — say 
toAvard the east, — one at the rate of 18, and the other at 
the rate of 2, miles an hour, their joint rate will be equal 
to 20 miles an hour ; but avIumi one horse moves toAvard 
the east at the rate of 18 miles an hour, and the other 
toward tlie Avest at the rate of 2 miles an hour, then 
their joint rate is only equal to 16 miles an hour. For, 
although one horse actually m()A'<»s at the rate of 18 
miles an hour, and the other at the rate of 2 miles an 
hour: and although 18 and 2 are equal to 20, yet since 
the horses moA''e in opposite directions, the one that 
moves toward the east at the rate of 18 miles an hour, 
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only moves at the rate of 16 miles an hour ; and the one 
that moves toAvard the west at the rate of 2 miles an 
hour, does not move at all. Consequently their joint 
rate of speed is only equal to 16 miles an hour: than 
which there is nothing more absurd to be found in the 
annals of science. 

The fact that Newton could not account for the reflec- 
tion of a body without resorting to the absurd method 
above alluded to, shows that he did not understand the 
nature of the cliange which takes place when one body 
is reflected from another. And as no one else has ever 
explained the matter, it may be well, perhaps, to do so 
now and here. 

In some cases of collision. A, at the time when it 
comes into collision with B at rest^ is reflected back from 
the point of collision, and in other cases it is not reflected 
back, but follows on after B. And there are, also, cases 
in which A is neither reflected back nor follows on after 
B, but remains at rest at the point of collision. Now we 
require to know in what cases A will follow on after B ; 
in what cases A Avill remain at rest ; and in what cases 
A will be reflected back from the point of collision. 
According to the Laws enunciated in the preceding 
Sections, A will follow on after B in every case in 
which the weight of A is greater than the weight of 
B ; A will remain at rest in every case in which the 
weight of A is equal to the weight of B ; and A will be 
reflected back in every case in which the weight of A is 
less than the weight of B. Let us consider these cases 
separately. 

In the first case, — that is, when the weight of A is 
greater than the Aveight of B, — A will not impart to B 
the whole of its own momentum, but only a certain por- 
tion of it ; and it will then follow on after B with the re- 
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inder. The amount of the momentum that will ho 
^parted to B by A, in any given case whatever, may be 
ttetenninwl exactly from the principle that one body 
cmi not impress npon another Ixxiy, by direct action, a 
Telocity greater than its own. For example, suppose 
tlie weif^lit of B to be equal to 5 pounds ; the weigiit of 
A 10 pounds, and the velocity of A before collision, 
eqnal to In feet per second. In this case the momentum 
of A before colli.Hion will be equal to 100. Now as A 
can only impart to B a velocity equal to its own, it fol- 
lows that the velocity of B after collision will be equal 
to 10 feet per second; and this multiplied by ti, — the 
weight of B. — will make the momentum of B, after col- 
lision, equal to 50. And it follows that tlie jiiomentum 
of A, aft4-*r collision, will also be equal to 50 ; for 
100—50 = 50. And, having found the monieiitum of A 
after collision, we can also find tlie Telocity of A after 
collision. For, the value of the numljer which repre- 
sents the velocity of A mast be sucli, that, when multi- 
plied by the weight of A, the prodoct will be equal 
to 5U, That number, in this case, is 6. Hence A will 
follow on after B with a velocity equal to 5 feet per 
second. By the same reasoning, if B had only weighed 
4 pounds, instead of 5. the momentum of B would have 
been 40 instead 50 ; and the momentum of A would 
have been 60 instead 50, And if B had only weiglied 
3 pounds, its momentum would have been 30, and the 
momentam of A would have been 70; and so cm. And 
hence we are led to the Law, that the momentum of B, 
after collision, in every case belonging to this class, — as 
compared with the momentum of A before collision, — is 
I yoportional to the ratio of the weight of B to the weight 
; and also to the Law, that the momentum of A, — 
Kcompared with its own muiaeutum before c{>llision, — 
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will be proportional to the difference between the re- 
spective weights of A and B. 

We have seen above that wlien the weight of B is 
made less and less, as compared with the weight of A, 
the momentum, and, consequently, the velocity also of 

A, becomes greater and greater ; but an examination of 
the Laws will show that if the weight of B be made 
greater and greater, as compared with the weight of A, 
the velocity of A, after collision, will become less and 
less ; and that Avhen the weight of B becomes equal to 
the weight of A, the velocity of A will be equal to 
nothing : for then the difference between the respective 
wi^ights of A and B will be equal to nothing. While the 
weight of B is less than the weight of A, A will impart 
to B a velocity equal to its own, but not a momentum 
equal to its own : it will always be less. But when the 
Aveight of B is equal to the weight of A, A will not only 
impart to B a velocity equal to its own, but also a mo- 
mentum equal to its own. In other words, A will im- 
part to B the whole of its own momentum, and then 
remain at rest. 

When the weight of A is less than the weight of B, A 
never imparts to B the whole of its own momentum : it 
only imparts to B a portion of its momentum ; and the 
amount thereof is determined by the relative proportion 
of the respective weights of A and B. For example, if 
the Aveight of A be equal to one half, or one third, or 
one fourth, of the weight of B ; then A will impart to B 
one half, one third, or one fourth of its momentum. 
This Law is expressed by saying that the momentum of 

B, after collision, will be proportional to the ratio of the 
Aveight of A to the w(»iglit of B. Now, Ave have seen 
above that Avhen the Aveight of A is greater than the 
wiMght of B, A imparts to B a portion of its own 
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momentum, and then follows on after B with the remain- 
der. But such is not the case when the weight of A is 
less than the weight of B ; for then A is reflected back, 
from the point of collision, with a momentum equal to 
the remainder. For example, if A imparts to B one half, 
one thii'd, or one fourth, of its own momentum, then A 
will be reflected back with a momentum equal to one 
half, two thirds, or three foui-ths. This Law is expressed 
by saying that the momentum of A, after collision, will 
be proportional to the diflference between the respective 
weights of A and B. But whence comes this momentum 
with which A is reflected back i Is it the same as that 
which it had before collision, or is it derived from B ? 
It can not be derived from B, for B was at rest at the time 
of collision ; and one body can not impart to another that 
which it does not possess itself. It can not be precisely 
the same as that which it had before collision, because 
that momentum was all in the opposite direction. But 
if we take the momentum which A had before collision, 
and deduct from it the amount which has been imparted 
to B, the remainder will be exactly equal to that with 
which A is reflected back from the point of collision. 
Hence it is evident that the momentum with which A is 
reflected back, consists of a portion of that which it had 
before collision, with its direction changed: that is, A 
imparts to B a portion of its momentum, and then im- 
parts the whole of the remainder to itself in an opposite 
direction. 

Newton supi)osed that A would never be reflected 
back until aft(T it had imparted the whole of its momen- 
tum to 15 : a case which nt»ver hni)p<.Mis when the weight 
of A is less than the weight of B. His theory was, that 
in every case in which A did not impart the whole of its 
momentum to B, at the time of collij?ion, A would follow 
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on after B with the remainder ; that when A did impart 
the whole of its momentum to B, A would remain at 
rest ; and that when A imparted more than the whole of 
its momentum to B, A was reflected back with a momen- 
tum equal to the excess : that is, if A, having a momen- 
tum equal to 10, should impart to B a momentum equal 
to 12, then A would be reflected back with a momentum 
equal to 2. Newton does not attempt to explain how A 
could impart to B a momentum greater than its own ; 
nor, supposing that to be possible, does he assert how 
much more momentum than its own A could impart to 
B ; but he leaves it to be inferred that it may be any 
quantity whatever. And Newton not only supposed 
that A might impart to B a momentum greater than its 
own, but he also supposed that A might impart to B a 
greater portion of its own momentum at one time than at 
another ; and he speaks as though the quantity imparted 
depended upon the velocity of A, or upon chance ; and 
therefore could only be ascertained, in any given case, 
by observation and experiment. All which shows that 
Newton was not acquainted with the fundamental prin- 
ciple which makes a Law of Motion possible. There is 
no chance about the matter ; there is no unknown cause 
in operation by virtue of which A may be compelled to 
impart a greater portion of its momentum to B at one 
time than at another ; neither does the velocity of A 
determine what portion of its momentum A will impart 
to B ; it depends wholly upon the proportion between 
the respective weights of A and B. For example, when 
the weight of A is to the weight of B, in the proportion 
of 1 to 3, then A, — whatever may be its velocity, — ^will 
impart to B one third of its momentum. In order to 
comprehend the full import and meaning of this, A must 
be regarded as being incapable of imparting to B either 
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Siore or lesa than exactly one tliird of its momentnm ; 
'hud, on Die otlier hand, B must be regarded as incapable 
of retieivinp uillier more or less than exactly one third 
of the momeritum of A. But if the iveight of A is 
to the weight of B, in the proportion of 1 to 2, then 
A, whatever its velocity may be, will impart to B one 
half of its momentum. And if the weight of A is to the 
weight of B, in the proportion of 1 to 1, then A will 
impart to B the whole of its momentnm. When the 
weight of A is to the weight of B, in the proportion of 
2 to 1, then A will impart to B one half only of its 
momentum. And when the weight of A is to the weight 
of B in the proportion of 3 to 1, A will only impart to 
B one third of its raonientnm. 

These examples inclnde three classes of cases ; namely, 
when the weight of A is less, equal to, and greater than, 
the weight of B. But m the second claag can be in- 
clnded in either the tirst or the tliird, it is not necessary 
to regard them as consisting of more than two classes. 
The liaw which governs the first class of cases has been 
expressed above by saying that the amount of the 
momentum which A will impart to B, will be propor- 
tional to tlie ratio of the weight of A to the weight of B. 
And the I^aw which governs the second class of cases 
has been expressed by saying that tlio amount of the 
momentum which A will impart to B, will be propor- 
tional to the ratio of the weight of B to the weiglit of A. 
These two Laws give difl'erent results with respect to the 
velocity that will be impressed upon B by A, but they 
give the same results with respect to the relative propor- 
tion of A'a momentum that will be imparted to B by A 
at tlie time of collision : that is, when the weight of A ia 
equal to one half of the weight of B, and when the 
Weight of A is eqnal to twice the weight of B, A, in each 
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case, will impart to B exactly one half of its own 
momentum, whatever the amount of that momentum 
may be. And when the weight of A is three times less 
than the weight of B, and when the weight of A is 
three times greater than the weight of B, A, in each 
case, will impart to B exactly one third of its momen- 
tum : and so on. It also follows from these Laws that 
A may he substituted for B, and B for A, without 
changing the nature of the result. For example, sup- 
pose a case in which the weight of A is equal*to 1 
pound ; the weight of B equal to 3 pounds ; and in 
which B is at rest at the time of collision. In this case 
A will impart to B, at the time of collision, one third 
of the momentum which it had before collision. If, 
now, we suppose A to be at rest, and B the moving 
body, B, at the time of collision, will also impart to A 
one third of the momentum which it had before col- 
lision. Hence, when it is known what portion of its 
momentum A, in any given case, will impart to B at 
rest, it also becomes known what portion of its momen- 
<?um B would impart to A at rest, in that case. 

In like manner a reason can be given for every single 
Law, and for every set of Laws, thus far enunciated in 
this work. But as those reasons become more numer- 
ous and more complicated as we advance, it would be 
unreasonable to suppose that any readet would follow 
me into such a labyrinth. Hence no further attempt 
will be made to show that those Laws are true by rea- 
soning from principles. Besides there Is no necessity 
for so doing. Those Laws could not have been discov- 
ered without a previous knowledge of all the principles 
involved ; but, after being discovered, their truth may 
be established without the aid of any principle what- 
ever ; for those Laws are of such a nature that, if they 
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are false, they wOl contradict themselves by giving, in 
some cases, either more or less momentum after than 
"before collision ; but if they are true they will give the 
same momentum after as before collision, in all cases 
whatsoever. Hence, if any one will find a case in which 
the Laws do not hold good, he will establish, beyond 
all peradventure, that the particular set of Laws to 
which the case belongs is false. But it is here fear- 
lessly asserted that those Laws are not only the true 
Laws, but they are also the only Laws that are pos- 
sible. Any other supposed Laws will be found to in- 
volve a mathematical self-contradiction. 
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